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PREFACE 


This  report  was  prepared  by  Rycon  Incorporated,  690  Clinton 
Springs  Avenue,  Cincinnati,  Ohio  45229,  under  contract  No,  USAF 
MIPR  N-80-50  with  the  Air  Force  Engineering  and  Services  Center, 
HQ  AFESC/RDVA,  Tyndall  AFB.  FI  32403. 

This  report  covers  the  period  beginning  August  1980  and  end¬ 
ing  Sept  1981. 


Steve  Hathaway  Project  Director,  HQ  Air  Force  Engineering 
and  Services  Center,  Tyndall  AFB,  Florida,  has  provided  expert 
direction  and  criticism  in  technical  and  programmatic  areas.  Tom 
Shoup,  Chief  Environmental  Planning  Section,  2750  ABW/DEEX, 
acted  as  principal  coordination  point  with  Wright -Patterson  Air  Force 
Base  to  provide  useful  comment  and  data.  Don  Walter  and  Leon  Lehr 
of  the  U.S.  Department  of  Energy  provided  valuable  support  and 
extensive  data.  The  operating  personnel,  foremen  and  supervisors 
of  Building  1240,  WPAFB,  cooperated  fully  and  provided  much  useful 
information.  Appreciation  is  expresseu  to  Carlton  W  lies  of  the 
Municipal  Environmental  Research  Laboratory,  U.S.  Environmental 
Protection  Agency ,  and  Paul  Farber,  Argonne  National  Laboratory, 
for  their  expert  advice  and  technical  assistance. 

This  report  has  been  reviewed  by  the  Public  Affairs  Office 
and  is  releasable  to  the  National  Technical  Information  Service  (NTIS). 
At  NTIS  it  will  be  available  to  the  general  public,  including  foreign 
nations  . 


n  is  t.<  -tr.ic.u  report  has  been  reviewed  and  is  approved  for 
publi cation . 


SUMMARY 


Densified  Refuse -Derived  Fuel  (dRDF)  is  manufactured  by  ex¬ 
tracting  a  fraction  of  urban  wastes  or  refuse  that  possesses  the  majority 
of  the  fuel  value  to  b1  found  in  this  raw  material.  This  beneficiated 
fraction  is  densified  or  compressed  into  small  dense  pellets  for  the  pur¬ 
pose  of  substituting  them  for  coal  which  is  used  to  produce  steam  in 
spreader  stoker  boilers.  The  U.S.  Atr  Force  is  conducting  a  multi¬ 
year  evaluation  of  merits  and  problems  tesulting  from  the  use  of  this 
renewable,  alternative  fuel  resource.  This  report  examines  a  number 
of  facets  of  the  evaluative  program  and  oilers  rec omrnendations  for  im¬ 
proving  the  utility  and  value  of  this  fuel  resource  for  military  and 
civilian  purposes. 

The  technologies  that  have  been  used  to  manufacture  dRDF  have 
been  reviewed  both  to  report  their  experiences  and  to  examine  possible 
ways  in  which  the  manufacturing  process  may  be  improved.  Specific 
technical  and  economic  concerns  associated  with  the  manufacturing 
process  have  been  discussed. 

Past  and  present  experiences  with  the  handling  and  firing  char¬ 
acteristics  of  dRDF  at  W right -Patter s on  Air  Force  Base  and  in  other 
locations  have  been  reviewed  and  discussed.  Recommendations  are 
offered  for  improving  specific  troublesome  attributes  of  the  current 
supply  of  dRDF. 

One  requirement  for  more  effective  and  less  costly  use  of  dRDF 
by  V.’right -Patterson  Air  Force  Base  is  the  development  of  a  local  fuel 
manufacturing  capability.  Options  for  achieving  this  goal  are  discussed 
and  the  optimum  approach  for  achieving  both  Air  Force  goals  and  local 
community  waste  disposal  requirements  is  recommended. 

A  number  of  specific  research  needs  and  programs  are  intro¬ 
duced  as  Research  Briefs.  Program  costs  and  desired  results  are 
estimated.  Areas  considered  include  both  improvements  of  the  char¬ 
acteristics  and  utility  of  the  existing  dRDF  formulation,  as  well  as  the 
advantages  promised  by  a  substantially  different  formulation.  The 
most  pertinent  literature  concerning  experience  with  dRDF  is  presented 
in  a  series  of  briefs  which  stress  both  useful  results  and  weaknesses  in 
terms  of  the  Air  Force  evaluation.  Several  literature  briefs  are 
included  t.  provi  !<  technical  support  :  c>  principal  recommendations  and 
to  e m piia s  : specific  rescai*  n  needs. 

The  principal  recommendations  of  the  report  are: 

I.  To  i'  hicv'-  .  :st  .savings  in  the  shortest  possible  time, 


an  integrated  test  of  a  local  fuel  formulation  production  facility  and  an 
Air  Force  boiler  must  be  conducted. 

2.  The  local  fuel  formulation  and  production  facility  should  be 
privately  owned.  Existing  dRDF  formulations  should  be  revised  to  in¬ 
clude  coal,  beneficiated  urban  wastes,  and  other  under -utilized  fuel 
resources.  The  management  of  the  local  fuel  production  facility  must 
have  a  vested  interest  in  actively  supporting  additional  evaluations  of 
various  dRDF  formulations  to  achieve  the  production  of  a  premium 
spreader  stoker  boiler  fuel.  (Fuel  use  criteria  are  presented  in  the 
report  to  provide  initial  direction  for  this  effort.  ) 

3.  The  Air  Force  should  automate  control  and  operation  of  one 
boiler  so  that  minimum  time  and  expense  will  be  incurred  in  evaluating 
various  fuel  formulas.  This  same  instrumentation  may  be  used  to 
assure  optimum  operation  and  minimum  fuel  use  by  all  boilers  support¬ 
ing  the  base. 

4.  Given  existing  financial  circumstances,  cost  sharing  is  most 
likely  to  be  achieved  with  a  private  company.  Air  Force  funds  for  the 
long  term  procurement  of  fuel  may  be  used  as  the  incentive  for  cost 
sharing  the  evaluative  process. 

5.  The  system  that  seems  most  successful  at  producing  a  bene¬ 
ficiated  refuse-derived  fuel  of  a  quality  suitable  for  dRDF  formulation 
is  owned  and  operated  by  the  City  of  Ames,  Iowa. 

These  recommendations,  while  more  extensive  than  anticipated, 
have  been  carefully  considered  by  the  author  after  weighing  a  large 
number  of  factors.  They  are  believed  to  offer  the  lowest  cost,  lowest 
risk,  shortest  term  approach  to  reducing  the  cost  of  steam  production 
through  the  use  of  alternative  refuse-derived  fuels  at  all  U.S.  Air  Force 
Bases . 
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SECTION  I 


INTRODUCTION 


This  report  presents  a  management  and  technical  overview  of 
long  term  tests  and  evaluations  of  densified  refuse -derived  fuel  (dRDF) 
as  a  spreader  stoker  boiler  fuel.  The  tests  are  being  directed  by  the 
United  States  Air  Force  at  VV right -Patter son  Air  Force  Base  in  Dayton, 

Ohio .  Many  aspects  of  d  RDF  production  and  use,  both  directly 

associated  with  this  project  and  through  work  conducted  by  other  private 
and  public,  groups,  are  examined  from  several  points  of  view. 

The  primary  purpose  .  f  this  report  is  to  integrate  the  informa¬ 
tion  developed  by  others  and  the  information  being  developed  in  this 
series  of  tests  into  the  most  beneficial  and  overall  cost  effective  ''next 
step'1  in  increasing  the  utility  of  oRDF,  both  to  the  United  States  Air 
Force  in  terms  of  a  routine  facility  mission  support  capability  and 
facility  energy  security  and  independence  during  periods  of  domestic  or 
international  strife,  and  to  increasing  the  use  of  domestically  produced, 
renewable  energy  resources  thro  igl.oul  >ur  nation  . 
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Sketch  of  Bldg.  1240  Facilities  (Not  to  Scale). 


SECTION  II 


DESCRIPTION  OF  FUEL  RECEIVING,  STORAGE,  HANDLING 
AND  FIRING  FACILITIES  AT  W RIGHT -PATTERSON  AIR 
FORCE  BASE  BUILDING  1240 


Fuel  is  delivered  to  Building  12  10  at  Wright -Patterson  AFB  in 
either  of  two  ways  (Figure  1).  First,  it  may  be  delivered  in  conven¬ 
tional  coal  hopper  cars  and,  second,  by  any  size  truck.  A  coal 
unloading  facility  is  provided.  Rail  cars  are  received  and  unloaded  in 
one  bay  of  the  facility  and  trucks  are  received  and  unloaded  in  the 
other.  The  rail  car  unloading  facility  is  of  conventional  design  with  a 
high  ceiling,  suspended  car  shaker,  rollup  doors  on  either  end  and 
sufficient  length  to  accommodate  two  hopper  cars  simultaneously. 
Underneath  the  tracks  are  grizzle y  type  screens  with  approximately 
b  in.  openings  and  steep  sided  hoppers  ( i . e .  ,  80  degree  slopes  or 
better)  which  conduct  fuel  to  belt  conveyors  that  remove  the  fuel  from 
the  unloading  facility.  The  truck  side  of  the  facility  is  similar  to  the 
rail  side  but  lacks  rail  tracks.  Duplicate  grizzleys  and  hoppers  allow 
for  the  unloading  of  two  oumplrucks  simultaneously  and  roilup  doors 
can  be  used  to  weatherproof  the  unloading  operation. 

A  concrete  -floored  fuel  storage  yard  is  provided  to  augment 
fuel  storage  silos.  The  yard  is  surrounded  by  approximately  a  four 
foot  high  concrete  retaining  wall  with  openings  on  one  side  only  for  the 
ingress  and  egress  of  trucks,  as  well  as  the  removal  of  coal  by  front 
end  loader  or  bulldozer  from  the  fuel  piles.  The  fuel  storage  area  is 
unprotected  from  the  weather.  f'uc!  is  removed  from  the  yard  by 
transporting  it  a  few  yards  to  a  grizzley  screen  and  hopper  located  out¬ 
side,  adjacent  to  the  truck  and  rail  car  unloading  facility.  Fuel  may 
be  delivered  to  the  storage  yard  only  by  truck. 

Fuel,  unloaded  either  from  rail  car  or  truck  in  the  receiving 
facility  or  removed  from  the  storage  yard,  is  conveyed  by  belt  con- 
••eyors  to  one  ot  four  fuel  storage  silon.  Fuel,  added  to  the  silo  from 
che  top,  freefalls  to  the  fuel  surface  and  is  removed  at  the  base  of  the 
silo.  The  silos  are  approximately  30  feet  in  diameter  and  70  feet  in 
height.  Fuel  is  unloaded  onto  ,t  single  horizontal  conveyor  located 
beneath  each  silo;  this  conveyor  serves  all  silos.  Thus,  blending  of 
fuels  from  one  or  more  silos  is  possible.  The  storage  silos  have 
C'-nical  bottoms  and  high,  strength  vibrators  for  vibrating  the  conical 
bottom  iii  the  in .ppi.-r  to  iai.ti.hiti  unloading. 

Fuel  is  conveyed  out  of  the  silo  area  to  the  base  of  an  incline 
••••.nveyor,  which  ra  isos  it  above  the  level  of  the  bunkers  serving  the 
boilers  in  the  boner  h<  use  Th  -  tuel  bunkers  are  of  older,  rounded 


bottom  design.  Fuel  is  removed  from  one  of  a  number  of  slide  gate 
controlled  outlets,  aggregated  on  horizontal  conveyors,  and  delivered 
to  a  tipping  bucket  which  controls  the  conveyor  operation.  The  tipping 
bucket  then  delivers  charges  of  coal  of  pre  -selected  weights  to  a  non - 
segregating  distribution  chute  and  thence  into  the  spreader  mechanism 
attached  to  the  furnace  and  boiler. 

The  spreaders  are  conventional  Detroit  overthrow  type  and  the 
furnace  is  served  by  a  Detroit  rotograte  traveling  grate.  The  boiler  is 
designed  to  produce  high  temperature  hot  water  with  water  leaving  the 
boiler  at  approximately  450°  F  and  sufficient  pressure  to  maintain 
liquid  state.  Due  to  changes  in  the  distribution  system,  water  is 
returned  to  the  boiler  at  approximately  3  50°.  Bottom  ash  is  collected 
by  pneumatic  system  and  delivered  to  an  ash  silo.  Fly  ash  is 
collected  from  the  base  of  electrostatic  precipitators  and  normally  is 
delivered  to  the  same  ash  silo.  Ash  is  removed  from  the  ash  silo  by 
dumptruck.  The  silo  is  equipped  with  water  sprays  for  suppressing 
dust  when  ash  is  being  unloaded  into  the  truck. 

The  boiler  used  for  testing  dRDF  was  built  in  the  1950's  by 
B&W  and,  due  to  modifications  in  the  steam  and  hot  water  distribution 
systems,  it  is  used  primarily  as  a  supplement  to  newer  boilers  built  by 
Combustion  Equipment  Associates.  dRDF  is  fired  only  in  the  older 
boiler . 
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SECTION  III 


MODIFICATION  Or  1-  •  NT  TE'  TOYiNo,  STORAGE,  HANDLING 
AND  FIRING  SYSTEMS  TO  ACCOMMODATE  dRDF 

The  basic  system  tor  in-ndung  ■  ual  1ms  been  used  for  handling 
dRDF  and  a  few  operational  procedures  ha w  been  modified  in  order 
to  accommodate  the  dRDF  fuel.  In  general,  capital  expenditures  on 
additional  equipruot  rn.m  re  men1  >■:  dRi)F  at  the  site  have  been 
minimal.  The  single  excephoi,  of  this  might  be  the  heavy  duty 
vibrator  aius ;  iit.  o  ,  .-.t  situ  ,•  .  t  ..i  u.g  clilDr  .  Suc  h  equipment 

is  desirable  for  coal  removal  from  silos,  especially  during  periods  of 
inclement  weather  when  •;.■  .  cal  may  ix  received  wet.  Vibrators  are 
attached  to  each  ox  ti,<-  >•.  -s  it  ^  :  .<L:p.  ibdO. 

Operation  of  tne  rue.  unloading  iacinty  and  siios  is  controlled 
by  a  computer.  Deviations  from  anticipated  normal  operation  are  ex¬ 
tremely  difficult  to  accomplish  cue  to  the  limited  capaoiiities  of  the 
existing  operational  control  program.  For  example,  fuel  cannot  be 

r  .’ vvi  ironi  l  ii./  s  .  i.  c  c*.  <■  •  o  ...  t.j.c  m  ...  t . :  e  s  t  a  i  r.  g  e  yard,  even 

though  the  mechanical  capability  exists  for  this  operation.  Conse¬ 
quently,  a  more  versatile  progs  .in;  is  required  or,  more  desirably,  a 
complete  centra!  manual  control  board  with  override  capability  is 
needed. 


A  single  belt  conveyor  is  used  to  move  fuel  through  the  facility. 
If  an  unanticipated  b’-eak  occurs,  the  facility  steaming  capabilities 
could  be  lost.  One  remedy  is  to  simply  replicate  conveyor  system; 
h.  wever,  in  view  ot  the  ease  with  which  belt  conveyors  may  be  spliced 
and  the  ready  availability  of  replacement  bel's  in  the  Dayton  area,  a 
replicate  conveyor  system  is  not  recommended. 

A  number  of  problems  in  dealing  with  dRDF  as  a  boiler  fuel 
have  been  encountered.  Some  are  unique  to  the  system,  but  most  are 

unique  to  the  lyo.v  of  fuel. 

Several  experiments  nave  been  run  in  attempting  to  receive 
dRDF  by  rv.'  !r  -m  *ne  suppii.  •  ,  t'u  Maryland  Environmental  Service. 
Each  of  these  experiments,  one  of  which  took  place  during  the  period 
of  this  contract,  has  produced  less  than  satisfactory  results.  The 
dRDF  generally  bridges  -r.  >r.t  :.  pper  •  ar  in  such  a  way  as  to  require 
s'  •••■•mi  r.  .mill.  ...  to  ■  ;.  »  ,.i.i ....■: i tig  f  the  car.  Settlement 

was  on  the  order  of  i  5®'-  io  f.b't'.  with  the  creation  of  numerous  fines 
because  ol  the  jostling  and  abrasion  of  the  material  in  the  car.  Sub¬ 
stantia:  Muantities  >i  <iu:-t  are  released  during  the  car  unloading.  Ai¬ 
de  ugh  me  ..lir  e  ..ci"  . Mt  •  ■)  ■  •  i  ui  -reo  lor  coal,  coal  generally 


does  not  require  manpower  for  rail  car  unloading;  hence,  the  crew  is 
not  exposed  to  the  high  concentrations  of  dust.  Dust  protection  masks 
are  available  and  are  provided  to  crews  when  they  unload  dRDF.  The 
nuisance  of  having  to  assign  four  men  to  a  rail  carload  of  dRDF  for 
unloading  purposes  cannot  be  discounted. 

The  bulk  of  dRDF  used  by  the  facility  has  been  delivered  by 
truck  from  Maryland.  The  fuel  has  generally  arrived  in  good 
condition.  Tarpaulins  are  used  to  protect  the  fuel  from  the  weather 
and  the  trip  is  generally  brief,  a  matter  of  a  few  days  at  most.  Unload¬ 
ing  is  easily  facilitated  because  the  lift  bodies  on  the  trucks  allow  the 
dRDF  to  slide  from  the  truck  by  gravity.  Unloading  inside  the  coal  un¬ 
loading  facility  creates  considerable  dust,  but  a  crew  is  not  required 
during  the  unloading  process.  Alternatively,  the  fuel  may  be  delivered 
direct  to  the  coal  yard  if  insufficient  storage  is  available  elsewhere. 

Storage  of  dRDF  at  the  facility  has  proved  to  be  the  area  of 
greatest  difficulty.  Several  storage  alternatives  were  explored, 
because  the  fuel  does  not  withstand  exposed  outdoor  storage  well.  One 
problem  was  outdoor  storage,  with  a  resulting  deterioration  in  fuel 
quality  due  to  moisture  absorption.  dRDF,  when  stored  in  piles  out- 
of-doors,  tends  to  form  a  crust  over  the  surface  approximately  six 
inches  deep.  This  crust  tends  to  shed  rainfall  and  preserves  the 
remainder  of  the  pile  in  a  dry  condition.  This  phenomena  is  totally 
dependent  on  the  area  of  the  pile  being  extremely  well  drained  (i.e.  , 
runoff  moves  away  from  the  pile,  not  underneath  the  pile).  Outdoor 
storage  of  dRDF  was  practiced  successfully,  although  the  dust  and  fine 
content  of  the  fuel  was  predictably  increased  due  to  deterioration  of  a 
substantial  portion  of  the  pile  (i.e.,  weathering). 

A  storage  silo  was  designated  and  set  aside  for  exclusive  storage 
of  dRDF.  It  was  found,  however,  that  the  dRDF  had  a  bearing  capacity 
prior  to  deformation  of  not  more  than  285  pounds  per  square  foot. 

Thus,  only  a  pile  roughly  20  feet  deep  could  be  stored  without  bridging 
and  jamming  the  unloading  chute.  Therefore,  the  majority  of  the  silo 
could  not  be  used  for  fuel  storage.  Consequently,  the  silo  was  pre¬ 
dominantly  used  as  a  fuel  staging  area  for  blending  and  delivery  to  the 
bunkers  supplying  the  boiler  with  fuel.  Dust  and  spillage  during  silo 
unloading  operations  was  severe,  but  personnel  were  not  required  to  be 
present . 


Fuel  storage  silos  normally  discharge  materials  from  the  top  of 
the  silo  first.  This  is  accomplished  by  the  formation  of  a  moving 
column  of  fuel  approximately  the  size  of  the  opening  (two  to  four  square 
feet)  at  the  base  of  the  silo,  which  extends  to  the  surface  of  the  fuel 
stored  in  the  silo.  Frictional  forces  are  least  on  the  surface  fuel 
particle,  so  a  cone  shaped  depression  is  formed  in  the  surface  of  the 


fuel  and  supplies  fuel  to  the  moving  column.  Thus,  the  first  fuel  added 
to  the  silo  is  the  last  be  removed. 

Unloading  of  conveyors  into  the  storage  bunkers  above  the  boilers 
did  create  substantial  amounts  of  dust  and  at  least  one  man  was  required 
to  be  on  the  site  to  supervise  the  tilling  of  the  bunkers.  Dusting  in  this 
area  was  extreme  to  the  point  where  a  potential  lire  and  explosion 
hazard  could  conceivably  be.  created. 

Additional.  > ,  r  tor  ova  l  •  ■  the  llho  alone  from  the  fuel  bunkers 
has  proved  slightly  more  difficult  than  coal  alone.  When  firing  fuel 
mixtures  (  m'  by  •.  ol.uoe  or  i  ,  „.i,  unloading  of  tile  bunkers 

has  not  proved  to  be  a  problem.  However,  when  1007c  dRDF  firing  was 
attempted,  unloading  A  th..  bunkers  was  acc.iriedly  more  difficult  (i.e., 
j  a  m  s  r  t  x  t  t?  u  j ;  i k  nau 1  ro  :  tv  :  _.vo  . fuel) .  On  balance,  while 

jams  do  occur  with  coal  ('.‘specialty  during  periods  of  inclement  weather 
or  with  inferior  grades  of  coal),  the  dRDF  may  be  considered  more  diffi¬ 
cult  to  handle  in  conventional  coal,  stora  ><<:  bunkers ,  requiring  additional 
operating  personnel.  Additional  dust  control  equipment  is  probably 
required  in  the  area  of  the  bunkers,  if  the  current  dRDF  formulation  is 
to  be  burned  as  «  .u.r  r.  ooei  a:  t-.n. 

I  lie  boiier,  which  was  used  to  test  both  blended  dRDF  and  coal 
and  dRDF  alone,  w  as  designee.  ?->  nc  dm  e  approximately  a  hundred 
null  tor  fVi'U's  per  hour  tu  neat.  in  u-  luai  operation,  due  to  changes  i.a 
hot  water  usage,  n  maximum  of  about  tb  to  05  million  BTU's  per  hour 
could  be  attained  and  normal  operatic, ns  ran  32  to  37  million  BTU's  per 
h<  '  Ihuu,  th-  i  i  • :  a  .  t  (RDF  in  boiler  capacity  could  not  be 

r  -•  tuated  .  Additional  te.-tiuc  r.  f  a  b  r  normally  operated  at  design 
i.. acting  is  rceorni  rnm  d  in  order  to  investigate  this  particular  question. 

In  monitoring  the  blend  tests,  minimal  clinkering  was  observed 
and  could  at  worst  be  compared  with  the  operational  impacts  of  off -spec 
coal  or  with  lumps  of  non -fuel  material  in  coal.  In  every  case,  the 
clinkers  were  easy  to  break  up  by  rodding,  which  is  a  normal  part  of 
rhe  boiler  opera!'  o  -  out  ,>■•>  .V  h*  r  fi  -ing  dRDF  alone,  clinkering  was 
observed  and  (in  one  inst  tnce)  was  relatively  extensive  along  the  right 
side  of  the  boiler.  However,  as  pointed  out  in  a  monthly  status  report, 
dRDF  is  .•  u'.r  emely  sens  it:  «re  ’o  yowli-r  adjustment.  Apparently  a 
worn  shaft  in  the  spreader  resulted  in  a  slight  malalignment.  This 
tended  to  cause  the  fuel  to  bulk  against  the  right  wall  as  opposed  to 
gf't  ing  even  dist  r :  ‘  u  U ;  r  •  ‘hi  f  e  j  yd.  The  bulking  in  turn  reduced 

•» :  r  I1'  rigu  ....  .  .  L  u c  U  created  a  reducing  envir¬ 

onment  ir,  the  fuel  bed,  which  enhanced  the  opportunity  for  clinker 
formation.  Durr  g  one  of  the  tests,  the  worn  shaft  became  noisy 
("'•viouslv  defective)  and  v.as  repi  t  ed.  On  replacement,  the  apparent 
.  mker tn»  or , ,  ,,  i  dt  s a  , 'pc  i  ’  i  .  i  •  '(.nee  ,  ■■  i  i  uke  r  lor ma lion  and  fuel  bed 


management  in  the  boiler  (when  firing  any  mix  of  coal  and  dRDF)  is 
within  the  range  of  normal  boiler  operating  practice. 

Emissions  data  from  the  boiler  test  is  not  available  to  this  con¬ 
tractor  as  of  the  writing  of  this  report.  However,  visual  observations 
of  on-line  monitoring  instruments  indicate  that  sulfur  oxides  were 
depressed  (as  expected),  fuel  burn-out  was  as  good  or  better  than  with 
coal  alone,  and  particulate  emissions  (especially  due  to  the  low  loading 
of  the  boiler)  were  well  within  what  might  be  considered  a  normal  range 
for  the  boiler . 

Ash  formation  and  management  is  another  area  of  concern. 
dRDF  produces  roughly  twice  as  much  ash  per  ton  as  the  coal  fired  at 
the  facility.  Coal  is  normally  77c  to  97 c  ash  and  the  dRDF  averages  at 
least  157o  ash  content.  Selecting  the  rather  arbitrary  figure  of  $3  per 
ton  for  ash  disposal  costs,  the  cost  of  ash  disposal  on  a  ton  of  coal  is 
roughly  22  l/2£.  dRDF,  having  a  higher  ash  content,  costs  about  45£ 
per  ton;  but,  since  two  tons  of  dRDF  are  required  to  replace  one  ton  of 
coal,  the  actual  cost  on  an  equivalent  heating  value  basis  is  90£  per 
equivalent  ton  of  coal.  Ash  characteristics  were  compatible  for  the 
existing  pneumatic  system.  The  clinkers  that  formed  were  soft  and 
easily  broken  apart.  For  the  most  part,  the  ash  was  relatively  fine 
granular  material  completely  compatible  with  the  pneumatic  handling 
system.  A  high  load  on  the  boiler  might  exacerbate  the  ash  manage¬ 
ment  problem;  however,  this  condition  has  not  as  yet  been  tested. 
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SECTION  I\ 


60  MM  A  1  tOi\  up  vAi'I.Ai,  ECih  IF  M  ENT  AND 
OPERATIONAL  PROCEDURE  CHANGES 


Single  purpose  canU.ii  equipment  changes  have  been  minimal  to 
accommodate  dRDP.  The  principal  expenditure  might  be  considered  to 
be  the  vibrator  attached  to  tne  conical  baao  of  the  silo  designated  for 
riRDF  s  :  or  age  .  i  i  ••  .  S.  t ua.  ib-ator  are  identical  to  those 

used  exclusively  for  awl .  The  silo,  due  t  >  she  low  load  bearing 
»t  rength  ot  ui<  cu<  On  ,  cannot  u*  .  m !  ally  used  .v  tth  •r  without  a 

vibrator  because  of  the  deformation  arc;  the  packing  of  the  dRDF  in  the 
silo  when  loaded  to  depth?  of  ov-rc  Uva n  at- tu?  20  feet.  Hence,  alternative 
means  were  found  for  stor  n;g  dRIIT  .  •.  w  hich  »,u  practiced  during 

several  of  the  tests,  was  the  temporary  a  s  sic  nine  nt  of  the  truck  unloading 
area  of  the  receiving  facility  lor  indoor  a  RDF  storage.  In  this  area, 
about:  100  tons  of  dRDF  -ould  be  stored,  withdrawn  and  delivered  to  the 
silo,  and  again  withdrawn  for  delivery  to  the  boiler  reel  bunkers.  The 
second  expedient  practiced  at  Building  1240  was  the  use  of  a  portion  of  the 
existing  c.o.ii  s..  ,  .  .  .  .  .  .  kpEi...  ml.'  2.  Tv  three  hundred 

tons  of  dRDF  were  stored  in  this  manner  for  boiler  performance  tests. 

Two  alterm:  ives  art-  ava  liable  ter  improving  current  dRDF  storing 
practices.  T  he  ur  »t  is  t<>  moduy  the  stia  o  y  ins  tailing  several  false 
bottoms  so  that  each  bottom  carries  approximately  a  maximum  depth  of 
20  feet  of  dRDF.  The  silo  could  then  be  almost  completely  filled  with 
dRDF  and  the  compart  me*  ms  m  '.tie  .-  ao  m, tried  and  unloaded  successively, 
t  he  capitr.i  cost  f  iris  modification  w  ulri  probably  be  great  due  to  the 
difficulty  of  retrofit  ‘  iug  the  -i)o  with  >ne  false  bottoms,  hopper  doors, 
controls,  vibrators ,  a  on  level  monitoring  devices. 

A  second  option  for  dealing  with  the  problem  of  dRDF  storage  is 
the  construction  cl  a  shed  over  a  portion  of  the  coal  storage  yard  to  pre¬ 
vent  major  adverse  impact  of  inclement  weather  on  stored  dRDF.  Such 

neea  cons  is 1  ot  .nil  mure  titan  structural  supports  and  a  roof 
••nffirientl  *'  hi  oh  t<>  allow  front  ena  loaders  to  operate  and  trucks  to 
unload  directly  into  the  shed.  The  cost  of  such  a  shed  is  measured  in  the 
•  e  no  of  thousands  oi  dollars .  From  the  shed,  dRDF  could  be  transported 
directly  into  the  bunkers  for  burning  or  into  the  silo  for  blending  with 
coal.  An  additional  benefit  t<>  the  use  of  storage  sheds  is  the  biodrying 
>f  "he  dRDF. 


Another  area  of  concern  is  dust  control  for  the  dust  associated 
with  dRDt  .  As  indicated  earlier,  dust  during  rail  car  unloading  was 
.evere  a  no  a  c w.,.-  reuu.rto  '■>  •*.  r;.i<  ipa  tt*  in  the  unloading.  The 
.,-r  idem  is  •  -  .  •  <  r  ,  :i:  ■  id  on.  .  Mhtiiit'  in  the  area  of 


the  fuel  bunker  serving  the  boiler,  however,  is  severe.  Due  to  jam¬ 
ming  and  normal  unloading  procedures,  a  person  is  required  to  be  in 
attendance  when  the  fuel  is  being  handled.  In  addition,  dust  accumu¬ 
lation  adjacent  to  the  bunkers  indicates  a  potential  for  either 
spontaneous  combustion  or  flash  fire  due  to  accidental  ignition.  Hence, 
additional  dust  control  is  desirable. 

Three  basic  approaches  appear  to  be  suitable.  The  first  of 
these  is  to  install  powered  ventilation  which  removes  the  dust  from  the 
bunker  area  and  distributes  it  into  the  boiler  overfire  air  system  or  to 
a  baghouse.  This  option  appears  to  be  extremely  costly  both  in  capital 
and  operating  costs. 

The  second  option  is  the  mist  oiling  of  the  dRDF  at  such  a  time 
as  it  is  removed  from  the  storage  silo  either  for  blending  purposes  or 
for  transmittal  to  the  bunkers  for  dRDF  alone  firing.  No  data  is  avail¬ 
able  on  the  effect  of  oil  sprays  in  suppressing  dRDF  dusts.  However, 
one  might  surmise  that  the  cellulosic  and  fibrous  nature  of  the  dRDF 
dusts  would  tend  to  make  them  agglomerate  to  and  be  wetted  by  oil 
droplets,  which,  in  turn,  would  make  them  adhere  to  larger  particles. 
Fuel  jamming  in  the  bunker  might  be  exacerbated  by  the  oiling,  since  a 
sticky  surface  would  be  created  on  both  the  pellets  and  the  smaller 
particles . 

The  third  technique  which  might  allay  the  dust  problem  during 
transfers  is  steam  or  water  sprays  applied  in  lieu  of  oil.  The  principal 
advantage  is  the  lower  cost  of  the  additive,  but  every  pound  of  water 
added  to  allay  dust  must  be  economically  offset  by  a  loss  of  fuel  to  the 
boiler  and  potential  loss  of  peak  capacity.  Under  low  load  conditions, 
this  might  be  the  most  cost  effective  retrofit  technique  for  dealing  with 
the  problem. 

Removing  dRDF  from  the  boiler  supply  bunkers  (as  indicated 
earlier)  has  also  been  an  occasional,  but  recurrent,  problem. 

Although  not  severe,  removal  of  the  dRDF  has  required  more  than  a 
normal  amount  of  operating  manpower  when  dRDF  alone  is  to  be  fired. 

If  the  boiler  is  to  be  committed  to  dRDF  firing,  additional  equipment  for 
use  with  the  bunker  is  desirable.  Three  options  appear  to  be  useful. 
The  first  option  is  the  addition  of  more  vibrators  or  mechanical 
wrappers  to  the  bunker.  The  second  option  is  to  locate  one  or  more  air 
blasters  or  air  cannons  near  the  base  of  the  bunker  which  shocks,  lifts 
and  lubricates  the  fuel,  causing  flow  to  begin.  The  third  option  is  to 
modify  the  shape  of  the  bunker  by  inserting  steel  plates  to  create  steep 
sides  as  opposed  to  the  existing  rounded  ones.  The  reduction  in  1  inker 
size  would  increase  the  manhours  required  for  filling  the  bunker, 
because  its  storage  capacity  would  be  proportionately  less  than  is 
presently  available.  The  continuous  firing  of  dRDF  alone  as  a  normal 


operating  procedure  does  not  seem  warranted,  since  blended  fuel 
accomplishes  many  ■  :  •  i.e  best red  res..!:.'  from  dRDF.  Hence,  modifi¬ 
cation  of  the  hopper  is  not  a  primary  need  at  the  present  time.  Further 
exploration  of  the  effects  of  blends  on  the  hopper  discharge  function 
might  be  desirable. 

A  different  and  preemptive  approach  to  the  resolution  of  the 
problems  described  in  the  preceding  paragraphs  of  this  section  is  avail¬ 
able  and  deserves  serious  consideration.  Each  ol  the  problems 
described  heretofore  is  a  function  of  one  or  more  properties  of  dRDF  as 
presently  formulated.  A!’  of  the  facility  retrofit  solutions  proposed  for 
each  problem  could  be  preempted  by  mndiiyitig  the  dRDF  formulation 
technique  and  thus  improving  defined  undesirable  properties.  As  this 
formula  modification  appro-, ci  appears  to  offer  the  greatest  overall 
cost -benefit  while  not  adve  rsely  affecting  i.,«  desirable  properties  of 
dRDF,  it  is  the  recommended  approach,  even  though  its  development 
requires  greater  effort  and  slightly  more  time  than  the  suggested 
tack  -on  solutions  , 
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SECTION  V 

USE  CRITERIA  FOR  EVALUATION  OF  dRDF  PROPERTIES 


This  section  represents  a  considerable  amount  of  deductive  and 
inductive  logic,  informed  opinion  and  speculation.  This  section  does 
begin  to  give  structure  and  direction  to  considerations  for  future  dRDF 
formulation,  testing  and  preferred  results. 

Philosophically,  in  evaluating  dRDF  as  a  manufactured  or  solid 
synthetic  boiler  fuel,  it  would  appear  most  desirable  to  make  the  best 
fuel  possible  and  then  to  optimize  boiler  operations  against  the  most 
desirable  characteristics  of  that  fuel.  Thus,  an  integrated  fully 
optimized  system  for  the  production  of  steam,  hot  water  or  electric 
power  should  result  for  any  specific  existing  or  proposed  facility.  To 
date,  efforts  to  manufacture  solid  fuels  have  been  extremely  limited  in 
scope.  dRDF  has  been  more  or  less  single  purpose  in  scope,  that  is, 
to  turn  garbage  into  a  fuel  minimally  acceptable  to  stoker  fired  boiler 
owners  and  operators.  If  one  accepts  the  premise  that  a  certain  level 
of  cost  must  be  incurred  in  manufacturing  any  quality  of  a  solid  fuel 
(assuming  raw  materials  are  economically  comparable),  then  it  would 
seem  logical  to  manufacture  a  fuel  that  provides  for  the  greatest  amount 
of  reduction  in  other  costs  associated  with  the  operation  of  a  boiler. 
Thus,  on  a  relative  basis,  the  goals  of  the  boiler  operator  can  more 
nearly  be  met  by  a  manufactured  fuel  rather  than  a  mined  or  unimproved 
fuel . 

Basically,  these  goals  may  be  summarized  as  being  able  to  pur¬ 
chase  a  less  expensive  fuel  than  that  currently  being  used.  Cost 
savings  may  be  achieved  through  a  lower  purchase  price,  reduced  on¬ 
site  fuel  processing  cost,  reduced  emission  control  costs,  increased 
steam  production  capacity,  or  a  combination  of  these  factors.  Given 
these  general  goals  of  the  boiler  operator,  the  fuel  manufacturer  must 
consider  a  number  of  criteria  in  formulating  a  premium  synthetic  solid 
fuel.  The  following  criteria  are  offered  for  consideration. 

STRUCTURAL  INTEGRITY 

The  structural  integrity  of  the  synthetic  solid  fuel  is  of  critical 
importance.  Structural  integrity  allows  the  fuel  to  be  handled  in  typical 
coal -handling  equipment  which  may  exist  or  may  be  readily  available 
from  manufacturers.  The  suppression  of  dust  is  a  desirable  goal  in  the 
synthetic  fuel.  Dust  lost  to  the  environment  represents  a  health  hazard, 
a  potential  explosion  hazard,  a  fugitive  emission  problem  and  a  loss  of 
fuel.  In  furnaces,  it  further  complicates  the  combustion  of  the  fuel  by 
increasing  loadings  of  ash  on  the  emission  control  equipment,  as  well  as 
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increasing  the  potential  for  deposition  and  corrosion  of  the  boiler  tubes 
and  increasing  the  potential  for  uei  loss  due  to  insufficient  combustion 
time  . 

STORABIL.IT  Y 

The  synthetic  iuei  shoaio  oe  capable  of  being  stored  unprotected 
out-of-doors  with  minimal  loss  in  combustion  qualities;  i.e.,  it  should 
at  least  be  similar  to  coal.  Even  coal  degrades  in  the  presence  of  the 
oxidizing  and  weathering  force-  of  the  environment  when  left  in  piles  for 
in  extended  period  of  time.  Minimal  loss  of  structural  integrity  during 
exposed  so .•rage  snoula  be  acme  .eu  by  ti  c  manufacturing  process. 

COMPATIBILITY  WITH  UNMODIFIED  COAL -HANDLING  EQUIPMENT 

Any  svnthetic  solid  fuel  which  is  to  be  markeied  must 
necessarily  be  compatible  with  essentially  unmodified  coal -handling 
equipment  already  in  service.  Manufacturers  currently  producing  coal  - 
handling  equipment  car  reproduce  inis  equipment  more  quickly  and 
probably  at  lower  cost  than  they  can  produce  new  designs.  Hence,  the 
iuei  fct  ja  i  is  aiaiiuUi.ii  .ini*; ,  :  .m  ma..  ...  1 ;  p^rp-is  s,  act  like  coal 

in  the  handling  and  storage  procedures. 

COM  P  R.  FRSIVE  S  T  RE  NOTH 

Because  coal  is  often  stored  in  silos  and  bunkers  of  considerable 
depth,  a  certain  minimum  compressive  strength  must  be  attained  by  a 
sycthe' ’<•  fuel.  1  his  compressive  strength  should  probably  exceed  1,000 
pounds  per  square  foot  without,  any  deformation  or  crumbling  of  the  fuel 
r’  •■.1  r  lid  <.■  s  . 

PARTICLE  SIZE  RANGE 

The  particle  size  range  of  the  synthetic  solid  fuel  is  a  critical  con¬ 
sideration,  especially  when  firing  spreader  stokers.  These  stokers 
i e •  r '  i raRe  an  aerodynamic  separation  function  in  order  to  maintain  a 
••ni.fn’’m  'evel  of  fire  and  heat  release  over  the  entire  surface  of  the 
furnace.  At  the  same  time,  the  stokers  provide  for  a  uniform  burn-out 
..■I, int  a:  the  end  of  the  grate  to  preclude  release  of  burning  fuel  to  the  ash 
handling  system  with  resulting  clinkering  and  failure  of  the  system.  A 
range  of  particle  sizes  is  extremely  desirable  so  that  larger  ones  are 
'  h  r'-wn  t ba  i  k  ol  the  >i1«-r  •>  r.d  smaller  ones  fall  nearer  the  front, 
iiiu.-  providing  to-  .m  .oim  ra ;«  .1  ourmng  and  lie  a*  release  throughout 

the  boiler  and  a  uniform  fuel  burn-out  point. 

Because  combustion  air  flows  m  the  furnace  and  boiler  essentially 
si  as  par's  o-  s.-  i,  i  .on  sys  ems.  tir.cs  .-iiouid  be  min.nuz.ed.  Since 
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air  moves  through  the  grate,  fuel  bed  and  boiler  at  a  nominal  velocity 
and  upward  direction,  any  particle  with  a  settling  velocity  less  than  the 
nominal  air  velocity  will  not  settle  on  the  burning  fuel  bed,  but  will  be 
quickly  carried  through  regions  where  combustion  could  occur.  Thus, 
unburned  fines  or  carbon  loss  occurs  and  boiler  efficiency  decreases. 

HEAT  CONTENT 

The  heat  content  of  a  synthetic  fuel  is  of  significance.  Spreader 
stokers  are  generally  designed  to  accommodate  certain  heat  contents  of 
various  types  of  coal.  Design  firing  requirements  are  met  by  adding  a 
number  of  identical  spreaders  to  a  given  furnace  design,  depending  on 
the  anticipated  heat  content  of  the  fuel  to  be  burned.  When  supplement¬ 
ing  or  supplanting  fossil  fuels  with  a  synthetic  solid  fuel,  the  synthetic 
must  fall  within  the  spreader  capacity,  including  safety  factors  designed 
into  the  normal  system;  i.e.,  additional  spreaders  cannot  be  easily 
retrofitted  on  a  furnace.  As  a  result,  the  heat  content  of  the  synthetic 
fuel  should  be  at  least  sufficient  to  operate  the  boiler  at  design  capacity, 
while  operating  only  on  a  synthetic  fuel.  For  comparison,  a  heat  con¬ 
tent  of  9,  500  to  10,  000  BTU's  per  pound  synthetic  as  compared  with  per¬ 
haps  13,000  BTU's  per  pound  coal  should  be  adequate. 

BULK  DENSITY 

In  general,  the  bulk  density  of  the  synthetic  fuel  must  approach 
that  of  coal  as  well  as  match  existing  feeder  capacity.  Spreader  feeders 
are  basically  volumetric  devices .  They  deliver  a  selected  volume  of 
fuel  or  fuel  space  per  hour  regardless  of  the  density  of  the  fuel.  If  the 
fuel  density  decreases  sufficiently,  it  becomes  physically  impossible  to 
feed  adequate  fuel  into  the  boiler  to  maintain  desired  capacity.  Hence,  a 
reasonable  estimate  might  be  a  bulk  density  of  70%  to  80%  that  of  the 
original  design  fuel,  coal.  The  age  of  the  boiler  in  making  this 
determination  is  of  significance  also,  because  older  boilers  generally 
included  more  liberal  safety  factors  than  do  newer  ones. 

SULFUR  EMISSIONS 

The  rate  of  sulfur  oxides  emissions  produced  when  firing  the 
synthetic  fuel  is  a  principal  consideration.  If  high  sulfur  coal  is  burned, 
then  post -combustion  sulfur  control  devices  roust  be  added  to  the  system 
at  great  cost.  A  manufactured  synthetic  solid  fuel  inherently  provides 
opportunity  for  suppressing  sulfur  emissions  while  preparing  the  fuel. 
Thus,  in  a  synthetic  fuel,  sulfur  should  be  suppressed  by  processing  and 
appropriate  additives  to  arrange  for  the  desired  rate,  of  sulfur  emissions 
from  the  fuel  within  optimum  economic  boundaries  (i.e.,  not  fuel  sulfur 
content  but  fuel  sulfur  emission  rate),  must  be  the  controlling  specifi¬ 
cation. 
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the  greater  the  expense  of  removing  and  discarding  the  ash.  On  the 
other  hand,  an  increase  in  this  area  as  traded  off  against  higher  sulfur 
content,  better  combustion  characteristics,  etc.,  or  lowering  of  fuel 
cost  could  be  economically  advantageous  .  Further,  the  modification 
of  the  furnace  to  achieve  higher  grate  speeds  than  the  original  design 
required  is  both  inexpensive  and  easy  to  retrofit  on  spreader  stokers. 

GASIFICATION  CHARACTERISTICS 

The  compatibility  of  a  synthetic  fuel  with  close -coupled  gasifiers 
or  other  types  of  gasifiers  that  may  be  used  to  supplant  oil  or  gas  fired 
boilers  is  also  of  significance.  As  fossil  fuel  costs  increase,  synthetic 
solid  fuels  should  be  capable  of  supplanting  oil  and  gas  on  a  temporary 
or  permanent  basis  through  the  use  of  close -coupled  or  free-standing 
gasifiers.  Hence,  the  gasification  characteristics  of  the  fuel  are  also 
a  criteria  consideration. 
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To  achieve  optimum  furnace  operation,  air  is  supplied  to  the  fuel 
bed  through  the  grate,  first,  in  sufficient  quantities  to  allow  the  bed  to 
burn  or  at  least  volatilize  and,  second,  to  assure  that  the  bed  does  not 
reach  such  temperature  that  the  ash  slagging  point  is  approached  and  ex¬ 
tensive  clinker  formation  initiated.  Optimal  operation  of  the  furnace  is 
approached  only  when  minimal  air  is  supplied  to  maintain  good  burning 
in  the  bed  and  sufficient  cooling  to  prevent  (.Tinkering. 

Additional  air  for  combustion  added  above  the  bed  or  secondary 
air  is  equally  important  in  that  it  must  be  added  in  reasonable  quantities 
at  correct  velocities  and  appropriate  locations  to  achieve  good  gas  mix¬ 
ing. 


Air  control  variables  are  normally  not  closely  monitored  in  the 
existing  boiler  operation,  but  have  significant  effects  on  the  efficiency  of 
the  overall  operation  both  in  terms  of  the  quantities  of  air  used  and  in  the 
way  in  which  it  is  used.  Improved  air  monitoring  and  control  could 
greatly  benefit  test  results. 

Another  area  of  interest  is  the  use  of  duct  work  opacity  meters  so 
that  rapid  responses  to  relative  changes  in  particulate  loading  could  be 
measured  during  boiler  operation  in  order  that  the  boiler  might  be  fine 
tuned  to  minimize  the  amount  of  particulate  lofted  from  the  fuel  bed. 

This  would  also  make  it  possible  to  do  relative  checks  between  the  level 
of  particulate  emitted  with  different  fuels  without  having  to  do  expensive 
particulate  stack  testing  for  every  different  fuel  or  fuel  mix. 

From  the  research  point  of  view,  the  end  result  of  improved  in¬ 
strumentation  is  a  boiler  which  may  be  essentially  optimized  around  a 
given  fuel  with  a  minimum  amount  of  trial  and  error  effort  and  with  a 
minimum  amount  of  stack  testing,  which  is  both  cumbersome  and 
relatively  expensive  to  accomplish.  Detailed  stack  tests  could  be  used 
only  when  boiler  operating  conditions  were  optimum  for  the  fuel  of 
interest. 

An  additional  benefit  from  equipping  at  least  one  boiler  at 
Wright -Patterson  Air  Force  Base  with  sophisticated  instrumentation  is 
improved  fuel  economy  on  all  the  boilers.  If  the  operating  conditions 
for  one  boiler  can  be  more  perfectly  optimized,  then  all  boilers  can  be 
adjusted  accordingly  and  assumed  to  follow  a  somewhat  similar  pattern 
of  controlled  setting  (i.e.,  one  boiler  acts  as  the  pilot  facility  for  the 
entire  base).  The  economic  return  for  this  investment,  aside  from  its 
research  value,  is  very  direct.  The  base  currently  burns  about 
100,  000  tons  of  high  quality  coal  a  year.  If  an  overall  fuel  use  improve¬ 
ment  of  only  1%  were  achieved  by  increasing  the  control  instrumentation 
capabilities  of  a  single  boiler,  then  some  $60,  000  a  year  would  be  saved 
in  fuel.  Thus,  the  instrumentation  required  could  be  paid  out  in  one  or 
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two  years  at  the  most.  A  fuel  savings  of  5%  or  more  beyond  that  which 
can  be  achieved  with  a  standard  boiler  ins:  r amenta t ion  would  appear  to 
be  a  reasonable  expectation. 
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FEASIBILITY  OF  LOCAL  dRDF  PRODUCTION 


Currently  dRDF  is  supplied  to  Wright -Patterson  Air  Force  Base 
by  the  Maryland  Environmental  Service's  contractor,  Teledyne  National 
Corporation.  The  dRDF  is  manufactured  in  Baltimore,  Maryland  and 
shipped  via  truck  about  500  miles  to  Wright -Patterson  Air  Force  Base 
in  Dayton,  Ohio.  For  purposes  of  a  test,  this  has  been  a  satisfactory 
relationship,  even  though  the  cost  of  trucking  fuel  over  such  a  distance 
invalidates  any  economic  incentives  for  burning  dRDF. 

A  major  cost  savings  for  this  source  of  dRDF  could  be  achieved 
by  shipping  the  dRDF  pellets  from  Baltimore  to  Wright -Patterson  Air 
Force  Base  via  rail.  Two  experimental  shipments  have  been  made  via 
rail  using  covered  hopper  cars.  The  results  of  both  attempts  have  been 
very  similar.  The  dRDF  tends  to  settle  in  the  rail  cars  during  the 
period  of  shipment,  a  matter  of  weeks  due  to  scheduling,  routing,  etc. 
Even  though  it  arrives  in  a  dry  condition,  it  is  very  difficult  to  unload  at 
the  fuel  receiving  facility  at  Wright -Patterson  Air  Force  Base.  A  side 
mounted  car  shaker  would  be  of  great  benefit  should  the  long  distance 
shipment  of  dRDF  be  considered  the  most  viable  for  future  efforts.  The 
savings  in  shipping  costs  between  rail  and  truck  would  more  than  offset 
the  cost  of  additional  car  shakers.  The  decision,  however,  is  not  so 
easily  reached  because  of  the  uncertainty  of  the  future  plans  of  Maryland 
Environmental  Service  (MES)  for  the  refuse -derived  fuel  produced  at  the 
Baltimore  plant.  Telephone  conversation  with  senior  personnel  at  MES 
indicates  that  a  substantial  demand  for  the  refuse -derived  fuel  has  been 
generated  within  the  State  of  Maryland.  Logic  suggests  that  this  pur¬ 
chaser  would  receive  priority  over  out-of-state  purchasers.  Hence, 

MES  might  simply  be  unwilling  to  comply  w-ith  future  contract  desires  by 
Wright -Patterson  Air  Force  Base.  In  addition,  the  routine  long  dis¬ 
tance  shipment  of  the  fuel  material  is  vulnerable  to  interruption  by  any 
number  of  situations.  Thus,  with  this  arrangement,  dRDF  may  be 
viewed  only  as  an  intermittently  available  fuel  as  opposed  to  a  secure 
fuel  on  which  normal  operations  can  be  planned. 

Based  on  the  circumstances  described  in  the  preceding  para¬ 
graphs,  it  would  appear  reasonable  to  investigate  the  feasibility  and  de¬ 
sirability  of  producing  dRDF  locally.  Two  basic  management  options 
present  themselves  for  accomplishing  local  production.  The  first  option 
is  to  site  a  dRDF  production  plant  on  Air  Force  property,  which  will  be 
owned  and  operated  by  the  Air  Force.  The  second  option  is  to  contract 
a  cooperative  situation  with  a  local  community  or  private  organization 
wherein  the  Air  Force  acts  as  a  fuel  purchaser  with  cooperative  interest 
in  the  fuel  production  process. 
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The  on-base  ’ilk  at  ion  of  a  dRDF  facility,  which  would  process 
ii.Hc  -generated  va.'e  ‘  >p--i  >...»•  ,•••;•.  tons  per  day  and  possibly 

other  tvab'.t  •»  ,  of  u  r  s  •:  r<«> a,.  -ui.m-^s.  Pr  inc  tpaiiy,  the  Air  Force 
could  exercise  complete  control  over  the  operation  of  tiie  production 
process.  Security  could  in  added  to  the  site,  as  desired,  in  times  of 
national  emergem  v  -»r  •  i\ i  ■n.’-est. 

There  are  also  a  . :i:>«  r  ol  disadvantages  to  an  on-base 

location.  First,  there  ire,  a.'  wito  any  developing  te<.  hnology,  certain 
ri  ;ks  mch  must  .  .  me  !  '  ■  t  he  cw  r  'operator ,  It  does  not 

ippear,  gi*.  i-n  rr.ant  aver  Ut  mauds  in  cttvr  areas,  that  the  Air  Force 

•  ...  .u  •  r  p.  ,  .ss  ;n. mg  tne  risk  ot  a  dynam¬ 

ic  technology  ti  r,  reuu  in.  s  t.n  c.  to-.iui .  :  i  management  and  operating 

.  lews.  St  v  end.  a  r  .  ,  n.  .. ;  v.  ■  .  .  ;st  Se  .  pul’ed  to  'he 

c.  .  l1  .vljt  ■'  a  a  . '  y  .  a  :  :  i  ;  : i  n  w,  '  * ,  n ,  ua  -  Cut  t 

operation  at  the  lowest  possible  ost .  Third,  once  tne  Air  Force  com - 
.n. is  to  baa  a  program,  n  voiud  oe  relatively  difficult  to  get 

•  .••'pera  i  ive  ;  r  een  ,e  n' s  *r  •>»■»  other  feu.  r  i)  iccncios  or  local  commun- 

u:<  ,  id  : e mis  oi  cost  soaring  •  r;3r,  3a.1r1.i4.  t  our la,  the  limited 

waste  supply  on  'lie  base  would  economically  reouire  tha*  wastes  must 

.  ;  ■  ,  ■.  • ;  1  y  ..Ire.  to  Local 

political  wnim  or  with  extraordinarily  high  operating  costs  for  produc¬ 
er  .  r  ct  xuuum  i  1  -L"  •o.-ts  i  tiiCL  a  <j.<  y  based  on  Wright -Patterson1 

wastes  atone.  Such  a  m  ve  would  place  the  base  clearly  in  the  position 
.  upp.ynir  civil  at  r  vices  to  local  communities  in  order  to  gain  title  to 
sufficient  wastes  to  offset  tne  operating  costs  of  a  dRDF  production 
facility. 

A;  -l.v*  •  •  ,:r  o,  ve  a  sufficient  number  of  disad 

•  i  •;;agi  •  •  •  i'tus.  !*>  A  i F-rrt  *  - .  mux  other  possibilities  for  creating 
..  '...cal  JRPF  pc  1  tin  i  ion  laciUty.  1  he  single  advantage  which  could  be 
■os’,  is  control  and  security.  Smt  e  dRDF  may  be  stockpiled  (at  least 
several  days’  supply ),  reduced  security  would  seem  to  be  of  secondary 

..porta nee  compared  to  the  disadvantages  of  such  a  facility. 

A  second  option  for  local  dRDF  production  is  the  long  term 
•greement  to  purchase  the  fuel  produced  by  a  dRDF  facility  owned  and 
operated  by  a  local  community.  The  basic  advantages  to  such  an  agree 
■rent  are  that  the  Air  Force’s  exposure  is  essentially  an  agreement  to 
purchase  fuel  at  a  negotiated  price,  while  any  difficulties  or  risks  in 
financing  or  operating  the  facility  are  absorbed  by  another  group. 

There  are,  however,  a  number  of  disadvantages  to  this  approach. 

:  .. :  /.  l  m,  •  .1.  y  <•  nut  possess  the  management 

and  technical  strengths  necessary  to  develop,  own,  operate  and  manage 
a  fuel  production  facility,  even  w-itii  a  single  guaranteed  customer. 


.n  i 


h  MgJit -Patterson  area  is 


exercised  by  Montgomery  County.  Conversations  with  a  Montgomery 
County  commissioner  have  indicated  that  their  basic  approach  to  the 
problem  is  not  to  be  in  the  position  ol  technology  development  or  risk 
absorption.  Their  first  motivation  is  to  dispose  of  garbage  in  the  most 
economic  and  trouble-free  manner  possible.  There  is,  however,  cur¬ 
rently  a  shortage  of  landfill  space  in  Montgomery  County  and  two  incin¬ 
erators  designed  to  reduce  the  volume  of  waste  are  having  severe 
operational  difficulties  due  to  non -compliance  with  air  pollution  codes. 
The  general  position  put  forth  by  Montgomery  County  officials  is, 

'littLe  interest  in  creating  a  resource  recovery  or  technology  venture  to 
produce  dRDF.''  They  would,  however,  be  extremely  interested  in 
participating  by  delivering  wastes  to  a  privately  financed,  privately 
owned  and  operated  dRDF  production  facility.  They  would  pay  a 
reasonable  and  competitive  tipping  -  for  waste  disposal  to  such  a 
facility. 

It  is  possible  that  a  small  community,  such  as  Fairborn,  Ohio, 
might  be  willing  to  host  such  a  venture,  but  the  technical  resources  and 
management  capabilities  of  a  town  such  as  Fairborn  are  minescule  com¬ 
pared  with  those  of  Montgomery  County.  Hence,  any  expectation  of 
early  success  or  continuous  reliable  operation  would  be  extremely 
optimistic . 

Given  the  policy  position  of  Montgomery  County,  a  third  option 
deserves  examination.  The  third  option  is  to  negotiate  a  cooperative 
purchase  agreement  with  a  private  venture  for  the  production  of  dRDF 
fuel  for  Air  Force  boilers.  Wright  -  Fatter  son  Air  Force  Base's  wastes 
and  other  local  community  wastes  would  be  required  to  meet  Wright  - 
Patterson  Air  Force  Base's  fuel  requirements  alone.  Thus,  the 
venture  would  also  require  an  appropriate  waste  supply  agreement  with 
Montgomery  County. 

The  advantages  to  such  an  approach  are  significant.  First,  the 
risk  in  technology  developnit; nt  and  fuel  needs  could  be  shared  between 
the  Air  Force  and  other  potential  fuel  customers.  Second,  a  larger 
facility  could  be  constructed  and,  therefore,  a  certain  economy  of  scale 
affecting  overall  fuel  price  would  be  achieved.  Third,  a  private 
venture  would  supply  a  dedicated  management  team  whose  vested  inter¬ 
est  would  make  it  necessary  to  maintain  the  utmost  in  plant  reliability 
and  plant  modernization,  quality  control,  etc.  Fourth,  with  a  private 
venture  and  negotiated  agreements,  constant  fuel  quality  improvements 
could  be  attained  as  improved  definitions  of  Air  Force  boiler  firing 
needs  were  developed.  Fifth,  a  privately  financed  venture  would 
require  relatively  short  term  low  risk  guarantees  fro?n  the  Air  Force, 
largely  an  agreement  to  purchase  fuel  of  a  specified  quality  in  a  certain 
quanti'y  at  a  negotiated  price.  Sixth,  the  Air  Force  risk  would  be 
Limited  to  that  of  a  benevolent  fuel  purchaser.  Thus,  Air  Force 
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expe nditurt-s  in  the  'ml  production  venture  would  be  limited  to  funds 
•>r  %  sent!  y  oeii  *•  v  r  h  .1  s  e  I"  he  Air  Force  would  not  need 

re--,  v  i  j.  -  m-  ...  i  pa  bi)  ity,  with  a  properly 

ne gotia te d  a g r e mem. 


There  are  remain  'i;s  -  h  1  'in  t;es  associated  with  a  privately 
owned  a  no  managed  --.Rj:  ...  .h...,  t ..  n  laciiiiy.  Fi-st,  the  Air  Force 

Vo- -aid  be  able  to  ext  rci»e  teas  -•  octroi  over  the  day  -to-day  operations  of 
f ne  facility,  especially  during  ;><  node  of  national  or  international  strife, 
'.though  t  n  •  ••  •  . '  '  :  .i'n-iy  be  ’•educed  with  take-over  clauses 

•  ■  r  st-cur  rtv  :  .  r-:  na.-  c-  >  utract.  Sec-end,  the  venture 

..  ._:n  -o  .  .  i  t  i  s  ,,r 

technology  dc  vei  -pt.it  nl  ..ro'oi  ms  t.ha*  ire  not  anticipated  or  within  the 
financial  ca  liabilities  "  t  \---tu*-,.  'giver  i  reasonable  fuel  price  as 
me  ceiling  ■■■'■  i  hi  ii  ■  finii  nc  u:  i  risk).  At 

such  time,  the  Air  Force  w<u;io  on  .ienrivec  of  ’he  tuel  supply. 

Corr  esponomgi  y,  n  -uui’i  o.-. .  inm  su  i.it  v».-ic  required  and  it  was  deter¬ 
mined  to  be  in  me  Air  f-  "-ce1.-  interest,  a  buy-out  operational  contract 
could  be  prepared  wituout  u.so  >i  .  oe  r  at  ion  •  >i  the  faculty. 


.  .n  .  •  _  -  •  '  tons .  ’  r  «*c or.irne tided 

rt  pproach  is  a  negotiated  agreerm  nt  with  one  or  more  private  ventures 

-  uii  tin  w.-.p*  -  ..ii  •  •  •:  ■■-■it-  ■  is  j  .  son  bly  adequate  to  supply  Air 

Force  not  ds.  -\  ne i_- .■  ted  agreement  co.ti'i  allow  for  cliange  in  fuel 

.  uiu.'i.iii.  ...  pi  \.  . .-  ic  i  -  t  •  .,  Lo  t  he  Air  Force  {e .  g.  ,  fuel 

optimization  against  i  .oiler  uer  fort  nance  J  Since  the  integration  of 
dRDF  formulation  and  combustion  is  still  a  developing  technology,  it  is 
mm-  <  j-i.«  -rhui’  that  i. Air  F-.-r.-e  ma  it  fa  in  a  flexible  posture  which 

-  •->  ’  •  g*  ;  r  ■•--.'it  it.-  ;  n  b'.rr.  o r-  Hu-  1 1- >n  technolog  v  and  firing 

;.-  .uiie  -  >  .  .  ;m,c  ,  c.Mfjvp...’  tt  ive  cost  basis  for  procurement 

m.e  ..  S  ..  .  .!  b-i  is  .-o-  i  guided  by  the  cost  of  equiva - 

Jen:  RTF’s  of  coat  delivered  > o  the  air  base,  adjusted  for  environ¬ 
mental  mi  pa.,  fs  ;md  i  -  »st.s  for  both  gaseous  emissions  and  solid 

.  l  -i  S  '  ol.e>  . 


SECTION  VIII 


dRDF  PRODUCTION  SCENARIOS 


dRDF  production  can  be  classified  into  two  scenarios.  The  first 
is  a  generalized  omparison  for  suitability  of  existing  plants  or  models 
that  could  be  copies  in  the  Greater  Dayton  area.  The  second  is  identifi¬ 
cation  of  those  systems  that  might  be  considered  developmental  in  nature 
with  unknown  levels  of  technical  and  economic  risk.  This  classification 
system  is  very  subjective,  given  the  history  of  all  types  of  resource 
recovery  facilities. 

Seven  systems  may  be  considered  as  reasonably  acceptable  for 
dRDF  production.  Each  of  these  systems  has  at  least  an  operating  pilot 
plant  or  is  operational. 

1.  The  first  plant  to  be  considered  is  the  one  operated  by  Teledyne 

for  the  Maryland  Environmental  Service.  This  plant  presently  supplies 
dRDF  to  the  U.S.  Air  Force.  The  basic  plant  materials  flow  pattern 
consists  of  a  receiving  area,  followed  by  very  large  shredders,  then  a 
separation  process  based  on  air  classifiers,  next  a  secondary  shredding 
of  the  fuel  fraction,  followed  by  magnetic  separation  of  the  heavy 
fraction  and,  finally,  pelletization  of  the  beneficiated  secondary 
shredded  fuel  fraction.  Pelletization  ts  accomplished  by  three  pelletiz¬ 
ers,  all  of  the  ring  die  and  roller  configuration,  that  produce  about 
1  1/2  tons  of  dRDF  each  per  hour.  The  most  significant  fact  concern¬ 
ing  this  facility  is  that  it  has  been  on  line  more  or  less  continuously  for 
a  number  of  years.  The  facility's  economics  are  open  to  question, 
since  it  is  subsidized  with  funds  from  local,  state  and  federal  govern¬ 
ments  and  the  contractor  operating  the  facility  has  no  financial  stake  in 
the  facility  or  in  sales  of  the  product.  The  facility  is  very  large  in 
capacity,  on  the  order  of  1,  200  tons  of  refuse  input  per  day.  The  over¬ 
whelming  majority  of  the  facility's  output,  that  is,  shredded  refuse  of 
fluff  fuel  quality,  is  landfilled.  A  relatively  small  percentage  has  been 
pelletized  and  delivered  to  the  U.S.  Air  Force  and  others  for  test 
purposes.  Total  pellet  production  is  probably  under  6,  000  tons  up  to 
the  present  time.  Additional  development  would  appear  to  be  v  .rranted, 
because  of  the  relative  low  yield  of  the  pelletized  material  vs.  the  total 
plant  throughput  capability. 

There  are  several  disadvantages  to  an  attempt  to  copy  this 
facility.  First,  it  was  built  originally  on  a  large  scale  and  does  not 
appear  to  yield  well  to  scaledown  procedures.  Hence,  only  a  very  large 
capacity  plant  of  this  type  could  be  copied.  Yet  the  dRDF  yield  from 
the  large  plant  has  been  almost  inconsequential.  As  a  result  of  the 
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necessity  to  construct  .i  seomd  large  scale  plant,  very  long  term  con¬ 
tracts  or  a  oaten'  o  ',  :d  ,v  >  n  '.oat  is  not  profit  and  payback 

motivated  would  be  required  to  matte  the  system  feasible. 

The  quality  of  fuel  produced  has  been  marginal  in  terms  of  meet¬ 
ing  Air  Force  spe-r^imtion  A  1.  s  have  hovered  at  the  15% 

level.  Moisture  content  lias  been  variable  and  pellet  integrity  has  been 
variable.  Rates  of  fuel  delivery  have  jeen  lower  tuan  those  originally 
required  (8,  000  tons  per  yearl  and  fines  content  has  been  variable.  In 
addition,  the  system  .  \  i  ™  -  ir.iitr.i  !•  because  of  scale  of 

('Derations  . 

As  a  result,  any  needed  developments  must  be  accomplished  at 
a  verv  high  cost  lor  »,,«  <  •,  "..'ion  ir,t  >  ‘  :>.<•  s  vvter . .  Therefore,  this 

system  is  not  rcco.r.mtnc;  u  i  >;•  -„i  -  ■  '•  d «.;> K  production 

facility. 

2.  Another  system  which,  mmh*.  be  considered  has  been  developed 

by  the  National  Center  for  Resource  Recovery  (presently  being  termin¬ 
ated)  and  might  generally  be  described  as  the  pre  -trommeling  type 
system.  both  me  pilot  plan;,  i.  a  .•  c nii.g-.cn,  D.C.  (not  terminated), 
and  a  full  scale  facility  >n  New  ''-leans  (presently  being  terminated), 
have  been  operated  using  the  general  it- hnoiogy .  Ir,  general,  the  sys¬ 
tem  consists  of  'rnmtvel  sc  peering  as  n  pre  -shredding  separation  step, 
following  the  screening,  selected  materials  are  shredded,  separated 
by  air  classification  and  magnetic  separation  or  other  techniques, 
secondarily  shredded,  and  conducted  to  a  pelletizer.  The  pelletizers 
i  A  a  n  the  sine  m  ;  rmfa  cc  rir  c  a:-;  those  used  at  the  Maryland  Environ - 
•  ,  q,  fumidv  Or-,  r  >';r:  **-•  neriem  e  with  the  pilot  plant  was 

. e ■, s  than  fully  satisfactory.  While  the  pilot  plant  operated  well  for 
production  of  very  sm-'h  experimental  batches  of  material,  the  general 
problems  of  reliably  processing  material  on  a  day -in,  day-out  basis 
were  beyond  the  capabilities  of  the  pilot  plant.  Fuel  deliveries  for 
test  quantities  of  dRDF  were  generally  far  behind  schedule  and  very 
often  the  fuel  material  delivered  was  far  below  the  desired  specifi- 
-  '!/  cr  <  .  The  ful*  ie  oh*  tv  i  ■'  New  Orleans,  while  in  operation  for 
s  reasonable  period  of  rime,  d<>es  not  produce  a  fuel  (or  at  least  no 
market  for  a  fuel  has  been  discovered  in  the  area).  The  pilot  plant 
pointed  out  some  c  ,  jor  d  -  ffir  ul t  n*  ■  in  operating  a  pelletization  plant. 
Startup  time  on  pelletizers,  for  example,  is  relatively  extended,  e.g., 
up  to  three  hours.  Should,  for  any  reason,  the  material  supply  to  the 
t>e  i  i  e’ izc-r  be  lose,  the  •>*•’.!••;  i  zer  must  be  restarted  with  resultant  low 
.  a  purity  startup  pc  n  .d  >>.  a,i-  mi  :in  ,-t  Hour.-; .  In  at.  eight  hour  shift, 
essentially  one  day's  production  capacity  is  lost  if  anything  other  than 
a  perfect  star'  is  made  each  day.  Interestingly,  it  was  noted  that  the 
oe’ietizer  wa  s  rn  -  *  modi’,  v  s'.a  -Jed  each  da  v  by  combining  a  supply  of 

;  i '  i  if  with  a  -  t  >»r  *•  c, -  q.i  vh  supply  ot  pellets.  In 


general,  the  operating  experience  with  a  pilot  plant  of  the  NCRR  type 
has  not  been  suitably  satisfactory  to  warrant  any  attempt  at  duplicating 
the  facility. 

3.  A  third  type  of  plant  is  being  built  in  Monroe  County,  New  York, 
by  Raytheon  Service  Corporation.  This  facility  apparently  consists  of 

a  combination  of  designs  including  some  materials  separation  technology 
originally  developed  by  the  Bureau  of  Mines,  air  classifiers  and 
shredders.  The  facility  is  currently  far  behind  schedule  and  is  still  in 
shakedown,  even  though  contract  discussions  began  in  the  early  70's. 

Due  to  this  rather  intermittent  history,  this  type  of  facility  does  not 
warrant  further  consideration  until  it  iias  a  substantial  amount  of  oper¬ 
ating  history  behind  it.  It  should  be  noted  also  that  this  is  a  very  large 
scale  plant  and  probably  far  beyond  what  is  required  to  serve  Air  Force 
needs . 

4.  A  fourth  type  of  facility  is  the  Eco-fuel  developed  by  Combustion 
Equipment  Associates  .  This  type  of  facility  utilizes  a  proprietary 
technology  for  embrittling  the  celtulosic  fraction  of  municipal  waste 
followed  by  various  separation  steps  until  a  combustible  dust  is  prepar¬ 
ed.  Experiments  were  run  on  densification  of  the  material.  Only  by 
the  use  of  binders  could  the  material  be  densified  and  the  experience 
was  generally  described  as  unsatisfactory.  Further,  while  the  pilot 
facility  operated  acceptably  after  much  developmc  nt  effort,  the  full 
scale  facility  is  far  in  arrears  and  has  caused  unacceptable  financial 
strains  on  Combustion  Equipment  Associates.  Given  the  uncertain 
future  of  this  technology  at  the  present  time,  it  does  not  warrant  consid¬ 
eration  for  possible  development  in  the  Greater  Dayton  area. 

5.  A  fifth  type  of  system  is  totally  different  from  the  others.  It  is 
basically  a  wet  pulverization  and  separation  system  developed  by  Black 
Clawson  in  Franklin,  Ohio.  A  pilot  plant  is  currently  available  in 
Franklin  and  pellets  were  prepared  from  this  material  and  tested 
earlier  by  the  Air  Force.  Apparently,  difficulties  with  slagging  in  the 
furnaces  were  encountered  with  these  pellets.  In  addition,  Black 
Clawson,  in  consortium  with  others,  has  constructed  or  is  constructing 
two  major  facilities  in  the  1,  500  to  Z,  000  ton  per  day  class.  The  first 
of  these  facilities,  located  on  Long  Island,  has  ceased  operations  based 
on  concerns  about  potential  toxic  emissions  from  the  stack.  While  the 
data  presented  by  the  U.S.  Environmental  Protection  Agency  would 
appear  to  be  inconsequential  in  nature,  that  agency  has  not  elected  as 
yet  to  label  the  data  as  such  and,  therefore,  the  question  remains  as  to 
the  significance  of  preliminary  test  results.  (Is  the  presence  of  toxic 
materials  of  specific  nature  in  the  stack  gases  of  significance  and  are 
these  materials  present  in  any  form  of  refuse -derived  fuel9)  Testing 
for  toxic  materials  is  currently  being  undertaken  at  Wright -Patterson 


Air  Force  Base,  but  ih  »  re.--  nits  these  .tala  are  not  presently  available 

lor  incorporation  1  '  a :  c  t  :  ,  •  -e  un<  ertu  .n  ii.turc  a  this 

process  at  the  present.  iin  <  ,  it  a  •».* •  .  ;  a  u  r  r«ml  iurtuer  consideration  as 
a  model  for  construct  ior.  :n  Monitor, ic-ry  County  to  serve  the  needs  of  the 
Air  Force  . 

b.  \  sixth,  t vpe  of  m ys •  e  i :  •  hi  iMoeii  <•?  a  unique  separating  device 

developed  by  SP.V1  Croup,  in.  .  i i  urs.-1:  oi  a  coarse  shred  with  a  low 
horsepower  machine  :o  -e-.  .  versn.c  :na serials.  F. blowing  this, 

.  a r.u  ion  ;  r  ■  ;..e  c i  •  mvi  i-  The  fuel 

f  •  •  ■  b  c  -  ■■  •  ;  a  .  mcarv  si  re-  ah-h  '  nd  ex- 

.  r  udeu  i:i\  ......  .  .-.i  ioac.  iUcU  na.  <x  o 

delivered  to  V'110  :  -i-q:u-rsi  n  A  s  For.  .  [.as?  for  very  preliminary 
.'valuation  l.  ».  it  -  .  r.  ••  •  >i ..  .  ihc  she  ties  were  found  to 
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period  by  Midwest  Research  Institute  for  the  U.S.  Environmental 
Protection  Agency  and  the  U.S.  Department  of  Energy.  During  the 
period  of  this  investigation,  significant  improvements  were  made  in  the 
plant,  such  that  the  ash  content  of  the  refuse -derived  fuel  produced  was 
reduced  from  2.0%  to  10%-,  while  the  yield  in  refuse -derived  fuel  from 
the  plant  was  only  reduced  from  84%  to  74%  of  incoming  refuse.  Addi¬ 
tionally,  extensive  dust  control  systems  were  placed  in  the  plant  to 
extend  the  life  of  electric  motors.  A  number  of  other  improvements 
were  made  in  the  plant;  however,  of  greatest  interest  for  purposes  of 
this  report  is  the  fact  that  the  net  cost  for  producing  the  fuel  was  esti¬ 
mated  to  range  from  approximately  S14  per  ton  in  197  6  to  approximately 
$11  per  ton  in  1978.  Gross  cost  for  fuel  production  was  approximately 
$26  per  ton  of  refuse  processed  in  1978.  For  Air  Force  purposes,  if  a 
similar  plant  were  built,  the  gross  cost  of  $2t:  per  ton  could  be  reduced 
to  $20  per  ton  (if  a  $12  per  ton  tipping  fee  were  applied).  (Assumes 
50%:  dRDF  yield  and  no  other  revenues.)  The  cost  of  dens ification  must 
be  added  to  this  base  cost.  Dens  ification  mav  range  from  $3  to  $15  per 
ton  depending  on  whose  data  and  opinions  one  wishes  to  subscribe. 

Thus,  a  net  cost  for  producing  dRDF  of  $23  to  $35  per  ton  F.O.B.  the 
plant  is  conceivable.  A  selling  price  would  additionally  include  land 
value,  cost  of  fuel  delivery,  liability  insurance,  taxes,  management  and 
marketing  fees,  and  profit  adjusted  for  perceived  risk.  Given  the 
increases  in  the  cost  of  money,  equipment  and  construction,  a  delivered 
price  ranging  from  $40  to  $60  per  ton  may  be  expected. 

The  Ames  plant  produced  approximately  3t',  000  tons  of  RDF  fuel 
per  shift  year,  which  places  it  in  the  correct  size  range  for  Air  Force 
fuel  purchase  requirements.  Should  the  Air  Force  desire  to  own  and 
operate  a  facility  or  to  subsidize  in  an  extensive  manner  the  financing  of 
such  a  facility,  the  Ames  model  is  probably  the  most  developed  and  most 
reliable,  currently  available  one  in  the  United  States  in  the  appropriate 
size  range.  Additional  study  and  consideration  of  the  Ames  process 
design  and  operating  experience  as  a  model  for  a  local  dRDF  plant  is 
recommended . 

A  number  of  totally  undeveloped  design  concepts  deserve  consid¬ 
eration  for  their  potential  impact  on  dRDF  production  in  the  Montgomery 
County  area.  These  concepts  fall  primarily  in  the  basic  research 
regime  and  are  largely  unexplored.  Therefore,  they  have  been  included 
in  the  Appendix,  Research  Briefs,  for  possible  consideration  or  investi¬ 
gation  in  the  future.  In  view  of  the  drastic  cutbacks  in  federal  funds  to 
sponsor  a  research  in  the  refuse -derived  fuel  area,  the  probability  of 
these  research  projects  being  realized  is  extremely  slim.  Therefore, 
they  cannot  be  looked  to  as  a  possible  contribution  to  the  need  for  more 
reliable  and  improved  quality  densified  refuse -derived  fuel  production 
processes . 
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Second,  to  accurately  evaluate  various  fuels  for  their  impact  on 
boiler  efficiency,  the  boiler  operation  must  be  absolutely  optimized 
against  each  fuel's  performance  characteristics.  Improved  boiler  mon¬ 
itoring  instrumentation  is  a  mandatory  requirement  in  a  precise  evalu¬ 
ation.  Additional  benefits  to  the  Air  Force  would  be  at  least  marginally 
improved  operation  of  all  boilers,  based  on  the  control  techniques 
established  with  the  test  boiler. 

The  third  need  is  for  a  local  synthetic  solid  fuel  production 
facility  whose  fuel  formulation  capabilities  can  be  integrated  into  a  boiler 
performance  test  program.  The  local  fuei  production  facility,  given  the 
circumstances  in  Montgomery  County  and  the  needs  of  the  Air  Force, 
would  be  owned  and  operated  by'  a  private  group.  Wastes  must  be 
supplied  by  local  government,  ;.e.,  Montgomery  County  and  Wright- 
Patterson  Air  Force  Base.  A  conditional  contract  to  supply  fuel  to  the 
Air  Force  must  be  developed  with  the  management  of  Lhe  fuel  production 
plant  to  facilitate  private  financing  for  the  venture. 

Due  to  the  need  for  additional  fuel  formulation  development  based 
on  the  use  criteria  and  an  integral  boiier  performance  test,  a  negotiated 
agreement  is  probably  most  beneficial  to  the  Air  Force.  A  competitive 
cost  contract  implies  that  a  true  and  exact  specification  of  a  need  can  be 
written.  In  this  case,  the  need  is  general  ana,  thus,  a  written  compre¬ 
hensive  description  is  nut  possible  at  the  present  time.  Any  attempt  to 
specify  needs  would  undoubtedly  produce  an  inferior  quality  fuel  based  on 
a  financially  marginally  viable  venture,  with  no  capability  for  responding 
to  changing  Air  Force  needs  as  these  are  further  defined. 

The  incorporation  of  >  oal  into  the  pellet  production  process 
promises  to  achieve  most,  if  not  all,  of  the  fuel  characteristic  goals  im¬ 
plied  by  the  use  criteria  described  heretofore.  Thus,  the  fuel  process¬ 
ing  capability  that  is  required  is  one  that  should  evolve  from  pure  dRDF 
production  into  an  integrated  dRDF/coal  pellet.  This  would,  in  turn, 
reduce  new  boiler  design  requirements  to  those  comparable  to  a  coal- 
fired  facility. 

In  addition,  an  integrated  fuel  product  ion  and  boiler  test  program 
would  provide  new  insights  into  the  impact  of  manufactured  fuel  based  on 
a  number  of  materials  as  compared  with  coal  only  systems.  For  example, 
fuel  cost  could  be  decreased  by  the  incorporation  of  less  valued  materials 
into  the  fuel  mix.  Typical  materials  might  include  sewage  sludge,  munic¬ 
ipal  wastes,  high  sulfur  coal,  peat,  biomass,  etc.  The  end  product 
should  be  a  superior  fuel  that  would  pc  rforrn  better  than  run -of -the -mine 
or  processed  coal.  The  use  of  these  materials  would  contribute  greatly 
to  the  solution  of  problems  external  to  immediate  base  concerns. 
Realization  of  the  potential  of  such  a  system,  however,  requires  an 
integrated  fuel  formula)  ion  and  production  facility  and  boiier 
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interest  in  this  area  include  the  Department  of  Energy  (for  both  the 
incorporation  of  high  sulfur  coal  as  a  fuel  material  and  the  use  of  refuse 
as  a  fuel  material)  and  the  Environmental  Protection  Agency  (for  the 
incorporation  of  sewage  sludge  as  a  fuel  material,  as  well  as  the 
suppression  of  sulfur  emissions  by  fuel  preparation  techniques). 

The  integrated  fuel  production  and  boiler  test  program  should  be 
given  highest  support  and  funding  priority  because  of  the  very  high  value 
of  the  program  results  and  the  many  cost  sharing  opportunities. 

The  end  product  of  the  test  program  would  be  an  optimized  fuel 
and  boiler  combination  for  Wright-Patterson  Air  Force  Base  with  a 
local  fuel  production  facility  capable  of  supplying  all  the  fuel  needs  of 
Wright -Patter son  Air  Force  Base  at  an  overall  cost  savings  when  com¬ 
pared  with  present  operations.  The  desired  results  should  be  attained 
about  two  years  after  program  initiation  for  an  overall  cost  of  $4  million 
to  $5  million.  This  development  program  cost  compares  quite  favorably 
to  present  Wright-Patterson  annual  expenditures  of  about  $5  and  1/2 
million  for  low  sulfur  coal. 
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APPENDIX  A 


INTRODUCTION 

The  following  briefs  are  to  supplement  the  principal  conclusions 
and  recommendations  and  highlight  specific  technical  questions  which 
may  have  significant  economic  impact  on  the  utility  of  densified  refuse  - 
derived  fuels.  The  briefs  are  intended  only  to  introduce  the  salient 
points  and  desired  outputs  from  specific  investigations.  They  are  not 
prepared  in  sufficient  detail  to  act  as  program  management  guides,  but 
rather  to  be  used  as  the  basis  for  the  preparation  of  such  guides. 

The  briefs  have  been  included  to  overview  a  best-effort 
description  of  a  high  payoff  dRDF  development  program.  They  do  not 
describe  all  the  tasks  that  could  be  required,  nor  are  they  prioritized. 
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RED  COST  SHARING  POSSIBILITIES 


When  this  contract  effort  was  initiated,  one  of  the  major  goals 
was  to  develop  RED  program  tasks  to  include  extensive  cost  sharing 
with  other  groups  by  the  U.S.  Air  Force.  At  the  start  of  the  program, 
the  major  budgetary  changes  that  would  be  sweeping  through  the  federal 
government  were  not  recognized.  Several  possible  sources  of  cost 
sharing  were  available  at  that  time.  The  first  of  these,  and  the  most 
important,  was  the  U.S.  Department  of  Energy  in  its  Office  of  Energy 
from  Urban  Waste.  At  the  start  of  mis  particular  management  effort, 
the  Department  of  Energy  program  budget  was  approximately  $12  1/2 
million  for  RE  D  anti  tpiuti  million  in  'oar.  guarantees  tor  commercial¬ 
ization  of  technologies  utilizing  urban  waste.  The  situation  has 
■'hanged  dramatically.  in  fiscal  1932,  "his  program  will  have  no  funds 
for  commercialization  purposes  and  .?  t  million  for  RED.  Current  plans 
call  for  the  1983  budget  to  be  zero  dollars.  Hence,  new  program  starts 
for  this  group  are  unlikely. 

A  second  agency  which  had  fort  icriy  been  extensively  involved  in 
dRDF  and  had  invested  several  millions  of  dollars  in  RED  evaluation  is 
the  U.S.  Environmental  Protection  Agency,  Municipal  and  Environ  - 
mental  Research  Laboratory.  This  group  is  now  no  longer  active  in 
this  program  area,  and  has  terminated  ail  program  functions.  Hence, 
cost  sharing  with  this  group  is  not  a  possibility. 

Other  federal  agencies  that  might  have  cost  shared  work  were 
the  U.S.  Bureau  of  Mines  and  the  U.S.  Department  of  Commerce.  The 
U.S.  Bureau  of  Mines  is  dropping  all  work  on  urban  waste  and 

;f rr ically  only  evaluated  urban  waste  as  a  source  of  minerals.  The 
U.o.  Department  of  Commerce  has  never  had  an  extensive  RED 
program  and  has  devoted  its  very  small  budget  to  development  of 
standard  methodologies  for  evaluating  the  properties  of  urban  waste. 

The  future  for  this  program  is  uncertain  at  the  present  time. 

Other  programs  within  the  Department  of  Defense,  directed  by 
the  U.S.  Navy  or  the  U.S.  Army,  could  be  cost  sharing  candidates; 
however,  one  would  assume  that  these  sources  are  already  closely 
allied  to  the  U.S.  Air  Force  program  and  that  any  possibilities  for  co  - 

funding  projects  have  been  explored. 

The  last  major  governmental  group  that  might  be  willing  to 
pa  rticipat*  in  joint. I  v  funded  programs  are  (he  various  state  energy 
•jgenCi.es.  These  would,  ol  .  .-so,  be  specific  for  Air  Force  bases 
located  within  that  state's  borders.  Hence,  a  case  by  case 
programatic  decision  as  to  the  location  of  development  programs  would 
have  *o  be  made  in  order  to  qualify  lor  possible  co-funding.  Given  the 


general  revenue  climate,  the  prospects  of  co -funding  through  this  group 
look  very  slim,  with  the  single  exception  of  the  Maryland  Environmental 
Service  which,  to  date,  has  not  co -funded  programs  with  the  Department 
of  Defense , 

Thus,  the  historic  sources  of  co-sponsorship  of  alternative 
energy  programs  seem  unavailable  for  future  programs.  Interestingly, 
the  economic  pressures  and  the  needs  to  develop  these  fuels  both  from  a 
secure  operations  point  of  view  as  well  as  economy  of  operations,  have 
never  been  greater.  Natural  gas  prices  in  the  Cincinnati  area,  for 
example,  increased  23%  with  an  additional  10%  expected  before  the  end 
of  the  fiscal  year.  In  addition,  these  delivered  supplies  of  fuel  which 
cannot  be  stored  readily  on  base  continue  to  be  extremely  susceptible  to 
interruption  through  the  vagaries  of  the  marketplace  or  domestic  unrest. 
In  conclusion,  while  the  needs  for  alternative  approaches  to  fuel 
resources  have  never  been  greater,  the  possibility  of  additional  financial 
resources  beyond  those  generated  by  the  Air  Force  look  most  unpromis¬ 
ing;  efforts  are  probably  better  expended  at  carefully  planning  and  tailor¬ 
ing  programs  and  increasing  management  expertise  in  these  areas,  as 
opposed  to  seeking  cost  sharing  funds. 

A  fiiral  area  that  might  provide  effective  cost  sharing  is  with 
major  industries.  Cost  sharing  would  only  be  possible  where  industry 
had  waste  it  wished  to  dispose  of  in  a  suitable  manner  or  wherein  they 
thought  participation  in  a  specific  program  w’ould  create  new  business 
opportunities .  In  both  these  situations,  at  least  a  one  year  delay  in  any 
project  that  was  attempted  would  be  required  in  order  to  create  a 
negotiating  environment  that  would  provide  for  an  equitable  agreement  on 
the  part  of  all  parties.  Given  the  current  business  environment,  i.e.,  a 
downturn  (best  projections  are  another  12  to  18  months  of  slump)  along 
with  very  high  interest  rates,  the  possibilities  for  financial  participation 
in  many  R&  D  projects  do  not  look  promising.  The  one  approach  which 
could  be  co -financed  would  be  the  creation  of  a  new  synthetic  fuel 
industry  as  described  in  the  body  of  the  report.  In  this,  a  consortium 
might  be  organized  that  would  assume  the  bulk  of  the  program  risk, 
provided  long  term  payoff  mechanisms  (based  on  demonstrated  success) 
were  included  in  the  agreement.  The  Air  Force  would  be  required  to 
make  double  use  of  certain  types  of  operational  funds  by  using  them  as 
an  incentive  to  spur  development.  Such  an  approach  would  require 
more  administrative  capability,  but  would  reduce  Air  Force  development 
costs  and  ultimately  reduce  boiler  operating  costs  at  minimal  risk  to 
the  Air  F orce  . 
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CO-GRINDING  BENEFICIATED  REFUSE  AND  COAL 


Background 

Considerable  effort  and  energy  in  the  processing  of  refuse  is 
consumed  by  the  sire  rode-  ‘:  ur.'’  cv  s^ss.  Several  approaches  have 

been  pursued  in  the  past,  one  m  the  earnest  being  the  use  of  very  large 
hammermills  for  shredding  the  entire  refuse  stream.  The  suitability 
of  this  technique  has  beer,  tries;:;  ned  because  of  its  undesirable  proper - 
y  •.  t  f  -vc  in.;,  r  :  ■  ■  •  ■■■ '  h-  ustihJe  ir  rion  in  such  a 

way  that  they  could  n't  be  so., >  t-d,  creating  a  high  ash  content 

:ueL  mate .  ....  cu.ng  snr.ading  has  re¬ 

duced  tite  non -corn  bust  idle  conteu.  of  tin-  iciei  fraction  while  reducing  the 
horsepower  requirerru.  •  •  ■  .--1.  "r.ita  •  Eight  duty  shredders  have 

ueen  used  as  a  pre-stj-or  •  ■  •  ■ .  iften  so,  shredders  have  not 

beer  perfected  wnich  deal  unitor  rr-lv  wi  •  n  'ill  types  of  materials  in  urban 
waste  flows.  For  example,  synlhet  c  tnoncs  are  particularly  trouble¬ 
some  t<>  high  speed  shr-  dkr  of  miner  *  he  heavy  or  light  duty  design. 

As  fabric  passes  through  rcittii  r.y  undamaged  by  ‘he  shredding 
operation,  it  is  mzed  so  10  nb.«t.y>;<  -  ic.dttional  unit  processes  because 

ItS  a!  1 1'.  *  i  CC  1  IS  -i  i  O  k  i  ».*  ,  .  t  .A  .1  -  it.  .  ■  !  t.  *  i  i  •  •  'It.Mi  d.  ;  , 


A  diiie.renl  .tout  u<u.u  ivim  h  u;t »  .i>  t  ut  retuforc  been  explored  is 
‘hr  ■  ft:  ,-f  low  encrcv  grinding  dc  v;.-p ,  .  i,  1-  a«  rod  mills  and  ball  mills, 

alone  with  a  grinding  a  gent  .  i'he  use  •!  ^rinding  agents  to  facilitate  the 
grinding  of  difficult  to  grind  materials  is  ..-id  technology.  It  has  been 
successfully  applied,  for  example,  in  the-  use  of  large  shredders  for  con¬ 
i', c  ir...  ;t  m  ”.  'dies  t he  -hunks  >f  oet.  a t  as  a  grinding  agent  for 

■o>  ‘ensile  strength  fabric  portions  •  ■  the  automobile  body,  resulting 

•  r.  .i.ii-’rr  si.read:  r-g  v.  it  h  mi  mi".* !  v  ear  *n  the  shredder.  Based  on  the 
.r  .omm:  irS.o,  i-  p-,  ■  .* tv  d  f.  ;o‘  no,  .  is  apparent  that  pre-mixing 
of  coal  and  refuse  is  a  desirable  step.  [here  is  a  need  to  examine  the 
merits  of  combined  size  reduction  of  beneficiated  waste  and  coal  in 
order  to  enhance  uens ification  unit  operations  on  the  combined  materials. 
Rod  mills  would  seem  to  be  an  ideal  choice,  as  they  are  capable  of 
red*..-  ng  coni  ra ‘  he r  directly  to  ritieiv  divided  particles  .  They  should 
be  equal! v  effective  in  the  presence  of  chunks  of  coal  in  mascerating  and 
reducing  the  size  of  refuse.  They  may  lurther  be  designed  so  that  they 
retain,  lor  longer  le-ioris  of  time,  'hose  portions  of  the  beneficiated 
refuse  stream  that  are  more  difficult  to  reduce  in  size. 

/  COT'),!'-:. 

The  purpose  of  this  project  is  to  perform  comparative  explora - 
tory  resear  cn  >n  the  eiu.acy  oi  ,  o  -grinding  beneficiated  refuse  and  coal 
,  i-  various  tvoes  -..t  c  redder i  his  sh.uid  oe  carried  out  using  both 
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run-of-mine  and  pre -sized  coal  samples,  as  well  as  beneficiated  refuse 
as  might  be  obtained  from  a  trommel.  Preliminary  estimates  of 
capacity  and  particle  size  distribution  of  refuse  and  coal  fractions  are 
required,  as  well  as  the  gross  effect  of  varying  the  coal/refuse  ratio. 

In  addition,  the  finely  divided  product  mixture  should  be  evaluated  for 
its  compatibility  with  densification  processes.  In  theory,  the  denser, 
more  finely  divided  and  uniform  mixture  should  pelletize  considerably 
easier  than  shredded  refuse  alone  and  produce  a  superior  pellet. 

Based  on  the  results  of  a  preliminary  program,  a  decision  could  be 
made  as  to  whether  or  not  to  develop  a  pilot  plant  facility  for  additional 
evaluation. 

Program  Cost  and  Desired  Results 

The  estimated  cost  of  such  a  research  program  is  approximately 
$150,  000  over  12  months  duration.  It  should  yield  a  spectrum  of  data 
for  limited  size  samples  indicating  the  comparative  efficacy  of  rod  mills, 
ball  mills,  and  possibly  hammermills  for  grinding  mixtures  of  bene¬ 
ficiated  refuse  and  coal,  as  well  as  the  impact  on  the  productivity  of 
conventional  pellet  mills. 
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BALED  REFUSE  AS  A  MODIFIED  SPREADER  STOKER  BOILER  FEED 


Bai..Kgrou-K‘. 

One  approach  to  the  use  of  densilied  refuse  as  an  alternative 
boiler  feed  ;?  tr  -rc-iE  ■  _■  •-  r.n-r-f  baled  refuse  as  a  feedstock. 

In  general,  a  feeder  meek"  r.ism  would  oe  rep laced  with  a  feed  chute 
capable  of  accepting  bale- .  -St  the  lower  «-  n.i  of  the  clime,  a  chipper 
would  remove  chunks  of  the  bale  and  broadcast  them  to  the  boiler,  much 
us  a  o  live  .  u  io,.r. .  ■  •-  ■  .  li  -  ■  *ri.ca.:  ion  of  the  1 -.oiler  feed  sys  - 

’*'iv  is  <i'!»  ;  -•-•b  im  -  ■!  -  ..<>  .-hipoi-r  unit  operation  could 

locate  :  1  ...  •.:<  t.  o  •  :  ...g  .  .  t  :d  i;  i  .landing, 

stora.ee  and  teed  scceu, 

Lite  price,  ip.  -  ;  u  .  .  ■  .  ..  rs  s-j!  bates  into  a 

•  iersi  fieri  refuse  -derived  dm  ■-■'>-  -•  nd  use  system  is  the  ease  of 

transporting  and  storing  baled  refuse,  as  well  .o  the  ease  of  handling  the 


Problem-*  su.-'i  ■ 

'  f  '  i  * '  \  \  •"  ■ ; ,  ]  ■  [  \ 

deem  dot  ion  using 

bales  would  be  minimized. 
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'eg--  -  da ;  ion  be  v 

on;1  tiie  surface 

A  pproa oh 

A  feasibility  studv  oi  using  bales  s  a  ooiler  feed  material 
should  be  prepared.  initially,  a  paper  study  is  envisioned  in  order  to 
examine  the  advantages  and  disadvantages  of  this  densified  refuse  - 

eh  ■  •  i  u:ej  .-system,  as  i.vst -e<i  with  conventional  approaches . 

i ' :  i'gra  in  cist  a  ini  Bosiro.  Results 

The  est  Touted  cost,  for  the  program  is  $45,  000  and  the  duration 
would  be  about  six  months.  Output  from  the  project  is  a  'preliminary 
feasibility  study  indicating  whether  the  use  of  bales  as  a  boiler  feedstock 
offers  sufficient  economic  advantages  to  warrant  experimental 

:  par:.!:  . 


PRELIMINARY  TESTING  OF  THE  IMPACT  OF  BOUND  OXYGEN  AND 
MOISTURE  IN  FUEL  ON  FUEL  BED  TEMPERATURE  AND  UNDER¬ 
FIRE  AIR  REQUIREMENTS  !N  SPREADER  STOKER  BOILERS 


Background 

As  indicated  in  the  literature  brief,  on  a  theoretical  basis  a 
selected  percentage  of  moisture  bound  in  the  fuel,  along  with  the  fixed 
carbon  and  any  oxygen  that  may  be  in  the  fuel,  may  be  utilized  to  con¬ 
tribute  to  a  general  reduction  in  the  rate  at  which  underfire  air  must  be 
used  to  control  fuel  bed  temperature  and  prevent  clinkering.  Under  re¬ 
ducing  conditions  in  the  fuel  bed,  moisture  present  in  the  fuel  contributes 
to  a  water  gas  shift  reaction  so  that  the  fixed  carbon  is  evolved  from  the 
fuel  bed  primarily  as  carbon  monoxide  yielding  approximately  80%  of  its 
heating  energy  while  burning  in  the  gaseous  phase  above  the  fuel  bed.  A 
reduction  in  underfire  air  reduces  the  amount  of  particulate  lofted  from 
the  bed  and,  thus,  the  load  on  the  dust  control  system.  A  potential  for 
slagging  and  deposition  shouLd  be  reduced  throughout  the  boiler.  The 
operation  of  the  fuel  bed  at  lower  temperatures  suggests  increased 
capability  for  accepting  fuels  whose  ash  iusion  temperatures  are  lower 
than  those  of  premium  coals. 

Approach 

A  stockpile  of  fuel  of  known  bound  moisture  content  will  be  pre¬ 
pared  to  optimize  the  theoretical  minimum  amount  of  underfire  air  that 
could  be  required.  A  boiler  will  be  operated  on  this  fuel,  underfire  air 
will  be  reduced  to  the  required  level,  and  overfire  air  will  be  corre¬ 
spondingly  adjusted  down  until  opacity  increases.  Boiler  efficiency  will 
be  measured  and  clinkering  characteristics,  if  any,  will  be  observed. 
Underfire  air  will  be  marginally  increased  if  clinkering  is  observed. 
Operating  parameters  and  efficiency  will  be  monitored  and,  thus,  cost  of 
the  boiler  operation  determined. 

Program  Cost  and  Desired  Residts 

The  cost  for  preliminary  testing,  assuming  a  fuel  production 
facility  can  be  located  with  the  capability  of  producing  the  fuel  of  the 
desired  characteristics,  should  be  approximately  $150,000  to  $175,000 
for  a  one  to  two  week  test.  This  assumes  that  sufficient  fuel  is  pre¬ 
pared  for  operating  the  boiler  approximately  two  and  one -half  days,  or 
about  50  tons  of  fuel  for  a  small  boiler.  A  longer  term  test  would  be 
contingent  on  a  supply  of  the  desired  fuel  at  the  desired  specification. 

The  preceding  cost  also  assumes  that  the  boiler  is  capable  of  being 
operated  in  the  manner  desired  and  that  only  portable  additional  instru¬ 
mentation  is  required  to  closely  monitor  air  flow  rates  in  the  various 
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air  supply  systems. 

Results  required  tv-.-m  the  e'.pcriinenl  are  ...  aenu.nstration  of 
ability  to  reduce  bed  temperatures  by  reducing  underfire  air  flow,  and 
at  the  same  time,  not  create  cl  inhering  wnich  would  cause  serious 
problems  in  the  '>  . '  •  ~  -si  red  oc  '  out  s  to  demonstrate 

that  the  overall  boiler  efficiency  can  be  -aised  several  percentaee  points 
because  of  the  reduced  requirement  for  excess  air  in  the  boiler.  Should 
the  initial  experiments  be  successful,  a  long  term  experiment  to 
vie  tern,  i  no  f  he  iwp..  !'  .■it:on  and  routine  maintenance 

costs  should  be  carried  out  .  A  .i  ■?  tb.es  --  meratina  exuense  factors 

:■  liOUhi  be  V..  •  ■  ;c  .  . 


OCCUPATIONAL  HEALTH  AND  SAFETY  IMPLICATIONS  OP 
FIRING  dRDF  ON  A  LONG  TERM  PASTS 

Background 

One  of  the  areas  that  has  re<  eivcd  little  attention  in  all  of  the 
dRDF  testing  to  date  is  the  potential  health  implications  for  firing  dRDF. 
As  pointed  out  in  this  and  other  reports,  dusting  at  transfer  points  and 
in  the  handling  of  dRDF'  is  a  severe  problem  with  the  present  dRDF 
formulation.  The  health  implications  of  this  dust  are  unevaluated  at  the 
present  time.  The  dust  is  anticipated  to  contain  a  certain  quantity  of 
heavy  metals  and  certain  organic  compounds  that  may  be  of  health  signif 
icance.  In  addition,  data  produied  in  unpublished  form  by  operators  of 
municipal  incinerators  in  the  t.O's  indicated  that  the  dust  was  of  some 
health  significance  and  that  protection  for  those  continuously  exposed  to 
the  dust  was  a  necessity.  In  addition  to  this,  dust  from  shredded 
refuse  has  been  demonstrated  to  lie  more  combustible  than  coal  dust, 
although  somewhat  less  combustible  than  flour  and  other  finely  divided 
organics.  Several  explosions  in  shredders  operating  on  municipal 
refuse  have  been  reported  in  the  technical  literature.  As  a  result  of 
these  facts,  an  occupational  safety  and  health  preliminary  scan  is  requir 
ed  in  order  to  begin  evaluation  of  the  dust  presence  in  the  Wright  - 
Patterson  facilities  to  determine  if  significant  impacts  are  created  by 
dRDF  firing. 

Approach 

A  preliminary  scan  of  the  area  using  high  vol  samplers  and 
appropriate  analytical  procedures  is  required.  The  preliminary  scan 
would  collect  samples  (.lose  to  fuel  handling  and  operator  locations  over 
a  period  of  time.  The  samples  would  be  analyzed  for  heavy  metal  con¬ 
centration,  known  skin  sensitizers  and  known  organic  carcinogens. 

The  test  results  should  be  interpreted  by  experts  in  the  occupational 
health  field  to  determine  if  additional  field  investigations  are  required 
and  if  additional  dust  controls  are  required  for  health  reasons. 

Program  Cost  and  Anticipated  Results 

This  preliminary  investigation  should  require  six  months  and 
$7  5,  000  to  accomplish.  The  results  should  provide  a  definition  of  the 
severity  of  the  occupational  health  needs  associated  witli  the  use  of 
dRDF  as  presently  formulated. 
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HIGH  LOAD  RATE  BOILER  PERFORMANCE  TESTS  ON  dRDF 
BLENDS  AND  dRDF  ALONE 

Background 

Consider-  bl  * e t 1  r i-  •  -f  HP  IF  in  vn rious  operational  modes  has 
taken  place  in  the  past.  The  Finvi ronmental  Protection  Agency  has 
sponsored  tests  at  small  heating  plant  boilers  under  low  load  conditions 
and  at  an  industrial  boiler  under  varying  load  conditions.  However, 
this  work  has  is  1  clef,  rb  .  ■! .1  u :■  :ns t ru ’  >c  boiler  performance  under 

sustained.  ..-o  Lr’p  hi  !«-*•>'*  ,  e-  ai;  ion;-  Mechanical  difficulties,  lack 
■t  load  on  :  su  .cuter,  .-r  w  :  ...  etc  ;■  ads  have  reduced  ihe  value  of 

data  collected.  As  a  result,  there  is  a  need  both  lor  Air  Force  and  in¬ 
dustrial  purposes  to  have  .»  .  •_  h  ;o  :d  dRDF  demonstration  with  various 

blends  and  under  sustu ;  nui.  .  u;  r:u  i.iac  so  mat  small  differences  in 
performance  can  be  defined. 

A  ppro" ch 

The  basic  appr  oach  .could  be  r  u  select  a  boiler  at  W right  - 
Patterson  Air  F  orce  base  tprooatuy  in  bunding  <  7  0)  that  normally 
operates  under  very  high  ;n;L'rt  load  conditions,  support  this  boiler 
with  appropriate  met  metering  equipmeni  so  that  accurate  measurements 
fuel  consumed  can  be  used,  and  -arry  out  boiler  performance  tests 
across  several  dRDF*  /coal  blends  and,  hopefully,  on  gRDF  alone,  in 
order  to  define  the  end  points  beyond  which  a  normal  coal  designed  boiler 
can  perform  on  dRDF'.  A  contractor,  such  as  Systems  Technology, 

N’  '■  L  •  •  r.nea  pci  is  ,  M  innes-..<a  .  and  numerous  others  are  qualified  to 

■  li'  this  ;ypt-  ,,i  evaluation  Tec  nr  ■■gram  should  consist  of  the 
development  of  a  test  protocol  and  bier  firing  protocol,  which  is 
clearly  explained  to  boiler  operators,  so  that  fuel  is  marshalled  and 
utilized  in  the  most  effective  manner.  An  important  criteria  in  the 
protocol  is  an  adequate  period  for  boiler  operators  to  familiarize  them¬ 
selves  with  the  idiosyncrasies  of  firing  dRDF/coal  blends,  so  that  boiler 
performance  is  approximately  maximized  by  the  usual  trial  and  error 
■  c:  r  a  ch.  The  protocol  must  then  be  followed  rigorously  by  the  con- 
>  motor  in  order  that  measurements  may  be  made  on  handling  properties 
of  the  fuel  under  high  load  conditions,  boiler  efficiency  and  environmental 
pe  r  tc  rma  m.  e  - 

Program  Cost  and  Desired  Results 

Rue  h  a  program  wiii  p,-.,..u  tny  i  <>si  .p.Kmi,  000  to  to.Si),  000 

exclusive  of  fuel  costs.  Anticipated  duration  is  nine  months.  A  techni¬ 
cal  definition  of  the  end  points  for  boiler  performance,  when  using 
r '<■)•. 's  dRDF  blends  and  dRDF  alone,  is  desired.  Questions  to  be 


answered  are:  how  much  of  design  load  can  be  supported  on  a  given 
blend  without  equipment  modification;  what  are  the  environmental 
impacts  and  performance  impacts  of  the  sustained  operation  in  this 
regime  ? 
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APPLICATION  OF  HINDERS  TO  DENSIFIED  REFUSE -DERIVED 
FUEL  PELLETS 


Background 

Considerable  »» +'♦<-. rt  ''a.  wm*  into  the  preparation  of  densified 
refuse -derived  fuel  pellets  on  a  production  basis.  Less  effort  has  been 
directed  toward  how  these  pellets  might  be  constructed  in  a  more  suit¬ 
able  manner  to  give  them  improved  properties  while  decreasing  or  at 
least  maim in  m  t.h-  ,f  ,  •  One  ■  necific.  area  that  requires 

dramatic  ;i'-p-o\  enu-ni  is  the  stabilit  v  and  weather  resistance  of  the 
.■cine;.  .  :i i.  .  •  .  .  x i  .  va.la...'.  on  tne  mar¬ 

ket  and  few,  a  .aw,  of  the  &e  have  been  ?\o  mined  for  their  compatibility 
with  denshu'c  rc-fus.  •  ■ . .  :  fu.  1 .-. .  I  L<  :-nly  reported  work  in  this 

•j  i  ea  pro  st.  tv  t  is  on  ■  >  Cc-  r.->  <-r  t  r  Resource 

Recovers-  to  use  wa s to  mo mr  oils  as  a  coder  and  waterproofing 
material.  The  results  oi  mis  stuay  were  negative.  Many  other  bind¬ 
ers.  such  as  ge latini/.ei-'  cornstarch  and  latex  emulsions,  may  provide  a 
superior  pellet  and  increase  us  weatherproof  qualities  to  a  considerable 
decree.  One  of  the  literature  briefs  included  herein  suggests  that 
extensive  oiud>  i.ac  pe>. .;  l-o  it;.  ,.-ut  «...  :eUu  Linders  f  >r  coal  and  this 
data  should  be  readily  translatable  to  refuse  -derived  fuel.  Hence,  ex¬ 
ploratory  research  on  a  L.r<-d  uct;  .1  leva:  with  binders  would  seem  worth - 
■a  h  ■ 1  e  . 


Approach 


-K'.'.t hinder*  sh.-’.:c:  be  examined  through  solicitation  to 
tnufai  T,r?r?  for  -tvpa!  ibiti*  y  with  heir  particular  production  processes 
end  the  product  requirements  .  }‘vrhaps  half  a  dozen  binders  or  com  bin¬ 
it  ions  of  binder.-  Should  be  procured  and  delivered  to  Maryland  Environ¬ 
mental  Service  and  other  dRDF  suppliers  (i.e.,  Arnes,  Iowa)  for  incor¬ 
poration  in  10  *0  50  ton  batches  T  pellets,  so  that  these  pellets  can  be 
examined  on  an  empirical  basis  i  -r  handling  ana  combustion  characteris¬ 
tics  . 

Hr  oi  ram  Cost  and  Desired  Results 

This  study  should  not  req  lire  n'ore  than  six  to  nine  months. 
Anticipated  cost  is  $50,  000  to  SlOO,  000  including  all  materials  and  modifi¬ 
cation  of  equipment  to  include  binders,  laboratory  evaluations  of  the 

pellets,  etc. 

The  result  of  the  project  would  designate  a  binder  that  would  yield 
a  superior  dRDF  pellet  that  would  minimize-  dusting  problems,  allow  for 
a*  'east  some  outdoor  storage,  increase  the  handling  characteristics  of 
11"  pellets  and  1 ,  •  t  ......  pom  -c.t.-ih,.  s  t :  e  nctri . 


MULTI -FUEL  BOILER  SPECIFICATION:  CRITERIA  DEVELOPMENT 
AND  OVERSIGHT  COORDINATION 


Background 

The  desired  end  product  from  the  dRDF  test  program,  along  with 
several  other  programs  currently  being  conducted  by  the  Air  Force,  is 
the  development  of  a  multi -fuel  boiler  specification  for  procurement  pur¬ 
poses  for  renewal  of  facility  boiler  capabilities  in  the  future.  Consider¬ 
able  data  must  be  developed  around  boiler  capabilities  as  operated 
against  the  various  fuels  in  order  that  a  specification  will  be  developed 
which  will  encompass  either  all  of  these  capabilities  or  as  many  as  tech¬ 
nically  feasible.  The  boiler  should  operate  efficiently  and  be  cost 
effective  on  any  of  the  selected  fuels,  while  meeting  local  and  national 
environmental  performance  laws. 

Approach 

A  draft  boiler  specification  document  should  be  prepared  based  on 
existing  boiler  specifications  by  those  familiar  both  with  alternative  fuel 
burning  and  normal  coal  firing.  The  document  should  be  circulated  to 
boiler  manufacturers  for  review  and  comment,  possibly  on  a  limited  sub¬ 
contract  basis  in  order  to  assure  reasonable  participation.  On  receipt 
of  review  comments,  these  comments  should  be  reviewed  and  possibly 
incorporated;  the  redrafted  document  should  be  circulated  again  and 
reviewed  by  Air  Force  procurement  specialists  and  alternative  fuel 
specialists.  A  final  specification  document  should  be  prepared  based  on 
all  of  the  comments  generated. 

Program  Cost  and  Desired  Results 

Time  required  is  estimated  at  1  8  to  24  months.  Anticipated  cost 
is  $150,000  to  $300,000.  A  written  specification  suitable  for  procure¬ 
ment  purposes  by  the  Air  Force  for  obtaining  a  multi -fuel  test  boiler  is 
the  desired  product. 


INVESTIGATION  OF  CORROSION  S  FA  GOING  AND  FOULING  THAT 
LAY  BE  INI  RAT  FT'  F.  XV  OF  .GATED  GY  COFIRING  OF  dRDF 


Background 

One  i't  th<  '-.''A  >r  -.f  1 1  boiler  operators  is  the  impact  of 

tuel  characteristics  on  the  reliability,  ufe  and  maintenance  costs  of  boiler 
construction  materials.  Generally,  boilers  have  been  designed  based  on 
coal  specifications  which  have  minima]  chlorides  and,  to  a  certain  extent, 
Ahc:  .  id  lorm. a ■  a.  ...  ire  present  in  dRDF  and 

■.lie  impart  >n  heeler  "ube  i ;s  n-.knowi..  Preliminary  investigations  on 
«.  v  ery  u  in  i"'  *  *  ’:.•••  ....  / :  e.'-  :w  t  •*:  ci  <1  pr »  '‘>ic  r.  .  ri  ww^ver , 

data  produced  by  short  term  evaluations  >i  «.  orrosiun  are  often  misleading 
•>  ”d  erroneous  beca  u-  .-  *"•>.  .  ..  m.-  .  um  dative ,  my  be  accelerated  by 

:-.e  tiiiiu-.ira.ry  present  •  . .  i  ?•....  I  i :  t.  ~ ,  long,  term 

.monitoring  for  corrosion.  ; a e  ,rm  o  r.  '  <'•••  .1  inj.  characteristics  of  boiler 
tubes  and  grates,  superheater  tubes,  stciev.-alis,  etc.  is  a  requirement  in 
order  to  fuliv  evaluate  the  n.  ioj  »rr  r.  .  ‘  .  -A'  dRDF  on  boiler  operations, 
future  boiler  design  criteria  and  procurement  specifications. 


Approach 


Work  initiate  a  \.  Ri»  ine  N  m^nai  Bureau  of  Standards  should  be 
rH  r.ued  and  accelera  *-d  ir.  order  to  immlant  corrosion  tabs  at  strategic 
locations  m  boilers  ar  Wright -Patters  on  .r  force  Base  lor  a  minimum 
period  of  12  to  18  months.  These  tabs  should  be  designed  in  such  a  way 
that  portions  may  be  removed  periodically  for  evaluation  in  order  to 
.ie-imu.  a  c<  r  ‘  i  run  -u  s  sp>*  ire.  :  »  he  imm.-'j  of  dRDF  firing.  Obviously, 

■  '  :n:5r  hr  fir^-d  extensively  o-  A.r  the  majority  of  the  period  of  time 

i  :.ug  will  ii  corrosi'-n  tests  are  heino  made  in  order  to  determine  the 
.r.ipucts  of  cat  fuel  un  me  metal,  surfaces  .  Based  on  'his,  and  with  know - 
;odge  of  the  corrosion  of  various  metals,  recommendations  may  be  made 
tar  specified  levels  of  various  compounds  in  dRDF  or  dRDF  presently 
available  may  be  evaluated  against  corrosion  control  requirements  in  the 
fue>  specification. 


!-'■’*  irram  Cost  and  Desired  Results 

The  p  r  i  e  i  arc  should  he  approximately  $7  5,  000  to  $100,000 

over  1  8  months  . 


A  finitbu  >f  the  .  .  -m-;-,  ,n  potent  iai  of  dRDF  as  presently  con  - 
ijg'.ren  -•  ;>ve  a  r  y ,  ...  .  ext  endf  '1  term  basis  should  be 

made.  Potential  corrosion  problems  should  be  defined  along  with  a 
requirement  tor  specified  levels  -i  compounds  in  dRDF  that  would  tend 
■  i  pi  ■  1 1  •.  ;•  o  :  he  t  s  as  they  are  measured. 


DENSIFICATION  OF  RDF  PREPARED  IN  AMES,  IOWA 


Background 

One  of  the  few  refuse -derived  fuel  plants  in  operation  over  a 
period  of  time  in  the  United  States  is  located  in  Ames,  Iowa.  This  plant 
underwent  extensive  modifications  and  evaluation  sponsored  by  the  U.S. 
Department  of  Energy  and  Environmental  Protection  Agency,  as 
described  in  the  Literature  Briefs.  It  presently  produces  a  high  quality, 
fluff  type  fuel  which  could  be  supplied  to  dens ifica tion  modules.  Because 
it  is  substantially  lower  in  ash  content  than  other  RDF's  described  (i.e., 
10%  ash),  it  should  produce  a  higher  quality  densified  refuse -derived 
fuel.  Hence,  an  evaluation  of  the  practical  aspects  of  densifying  this 
material  would  be  very  beneficial. 

Approach 

The  project  could,  on  a  least  cost  basis,  be  carried  out  without 
the  creation  of  a  fixed  pilot  plant.  Several  tractor  trailer  loads  of  the 
fluff  fuel  may  be  procured  and  delivered  directly  to  pilot  plants  main¬ 
tained  by  pellet  mill  manufacturer s  for  pelletization.  The  test  should  be 
observed  by  those  experienced  in  pellet  production  with  beneficiated 
refuse  in  order  to  determine  the  relative  rate  at  which  the  pelletizer 
processes  this  prepared  material.  In  addition,  exploratory  experiments 
could  be  undertaken  to  enhance  the  material  in  order  to  increase  its  rate 
of  pelletization.  The  pelletized  fuel  (perhaps  29  to  100  tons  total)  could 
then  be  delivered  to  Wright -Patterson  Air  Force  Base  for  short  term 
burn  tests  including  a  preliminary  evaluation  of  its  handling  and  storage 
characteristics . 

Program  Cost  and  Desired  Results 

The  overall  program  cost  is  approximately  $150,  000  and  the 
duration  is  six  to  twelve  months.  The  results  desired  are  a  prelimin¬ 
ary  assessment  of  the  compatibility  of  the  fluff  produced  at  Ames  with 
densification  subsystems  and  the  quality  of  the  fuel  which  is  prepared. 
Hence,  quality  related  laboratory  analyses  of  the  fuel  must  be  carried 
out. 
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PRELIMINARY  INVESTIGATION  OF  THE  COMPATIBILITY  OF  dRDF 
WITH  FIXED  BED  AND  CLOSE -COUPLED  GASIFIERS 

Background 

Many  oil  and  gas  fired  boilers  are  in  operation  in  both  industry 
and  the  Armed  Forces.  The  cost  for  oil  has  gone  up  dramatically  in  the 
last  decade  and  the  cost  for  gas  is  starting  on  the  same  rapid  and  ex¬ 
treme  climb.  Delivered  gas  prices  in  the  Cincinnati  area  are  in  excess 
of  $4  ?,  million  BTU's  and  expected  to  go  to  S10  a  million  BTU's  within 
two  to  three  years.  Solid  fuels,  such  as  low  sulfur  coal  and  other 
c  ynthvti.  iuoits,  promise  to  be  s  ignificantiy  lower  in  cost  than  gas  and 
oil.  However,  the  cost  of  replacing  a  boiler  greatly  reduces  the  desir¬ 
ability  of  attempting  to  use  solid  fuels.  Gasifiers  promise  to  directly 
..onvert  solid  fuels  into  adequate  substitutes  fox  gas  or  oil  with  which  to 
fire  boilers.  Littie  investigative  work  has  been  carried  out  to  determine 
the  compatibility  of  gasifiers  with  densified  refuse -derived  fuel  pellets. 
Some  preliminary  work  done  by  university  researchers  indicates  the 
approach  to  be  extremely  viable  on  a  laboratory  scale. 

Approach 

A  supply  of  densified  refuse -derived  fuel  must  be  obtained. 

Several  versions  of  gasifiers,  including  those  that  are  typical  of  the 
close -coupled,  moving  grate  type,  the  starved  air  type,  and  the  fixed  bed 
multi -vessel  type,  should  be  constructed  in  a  pilot  scale.  These 
gasifiers  should  then  be  operated  with  the  pellets  to  determine  their 
reliability  of  operation,  the  quality  of  gas  supply,  and  heat  release  rates 
which  they  are  capable  of  delivering.  Their  performance  under  varying 
load  conditions  must  be  evaluated.  Ash  loadings  on  the  boiler  should  be 
measured  to  ascertain  compatibility  with  the  ash  handling  characteristics 
of  typical  gas  or  oil  fired  equipment. 

Program  Cost  and  Desired  Results 

The  program  is  estimated  to  require  $250,  000  to  $300,  000  and 
12  to  18  months  to  carry  out,  since  pilot  scale  equipment  will  be  con¬ 
structed  or  purchased  and  operated  for  evaluative  purposes.  The  final 
report  concerning  this  work  should  include  a  description  of  the  operating 
characteristics  of  the  gasifier,  relative  cost  of  operation  and  its 
effectiveness  in  following  boiler  load,  and  its  compatibility  with  existing 
gas  and  oil  fired  equipment.  The  next  step  in  the  overall  acceptance  of 
gasitiers  would  oc  to  construct  ,i  pilot  scale  unit  at  an  existing  boiler 
for  detailed  field  evaluation,  assuming  adequate  supplies  of  dRDF  were 
available . 
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BRIEFS  FROM  THE  PERTINENT  LITERATURE 
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APPENDIX  B 


INTRUDL  C  I'iON 


The  following  briefs  have  been  provided  lo  describe  the  salient 
points  of  knowledge  created  by  the  work  of  others.  This  knowledge  can 
be  used  to  give  direction  to  the  efforts  of  the  LJ.S.  Air  Force  to  increase 
the  utility  of  dRDF  both  for  specific  military  requirements  and  for  appli¬ 
cation  m  other  industrial  boiler  operations.  Included  with  each  brief  is 
a  section  entitled  Critical  Comments,  which  is  intended  to  emphasize 
perceivec  weakness  m  tnc  work  oeu-.a  r  ..c«ed  a  no  to  h.gulight  those 
findings  of  greatest  significance  to  future  Li  .  S  Air  Force  sponsored 
dRDF  programs. 

The  briefs  provided  are  not  intended  to  be  either  an  all  encom¬ 
passing  literature  search  or  an  exhaustive  summation  of  the  information 
available  in  each  citation.  The  briefs  provided  do  include  the  most 
recent  reports  describing  dRDF  experimental  programs  conducted  by 
others.  They  also  include  data,  information  and  concepts  from  other  un¬ 
related  or  parallel  investigations,  which  re-q  be  interpreted  to  have  pro¬ 
duced  information  of  great  importance  to  future  Air  Force  dRDF  programs. 

The  briefs  are  arranged  in  a  reverse  chronological  order,  although 
all  of  tne  work  was  completed  in  the  1970's  ana  most  between  1977  and 
April  1981.  Information  from  these  briefs  has  been  used  as  a  basis  for 
some  of  the  Research  Briefs  in  Appendix  A,  which  in  turn  support  the 
pr icc  pa  L  recommendations  of  this  report. 
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HIGH  PRESSURE  COMPACTION  AND  BALING  OF  SOLID  WASTE 


Performing  Organization:  American  Public  Works  Association 

Sponsor:  U.S.  Environmental  Protection  Agency,  Office  of  Solid 

Waste  Management  Programs 

Grant  No.  D01-UI-U0170 

Summary 

The  objective  of  this  research  effort  was  to  obtain  production 
scale  information  on  the  various  parameters  that  affect  the  compaction 
of  refuse  into  bales  which  are  readily  handleable  for  long  distance  ship¬ 
ping.  Included  in  the  effort  was  the  use  of  an  experimental  press  to 
develop  performance  specifications  for  production  scale  compaction 
equipment  and  to  define  the  durability  and  utility  of  the  bales  during  and 
after  shipment  via  both  test  mechanisms  and  actual  transshipment  by 
rail  car  over  700  miles.  Data  was  produced  on  the  effect  of  various 
refuse  components  on  the  density  of  the  baler,  the  gross  results  of  bal¬ 
ing  operations,  the  types  of  materials  which  could  and  could  not  be 
baled  satisfactorily,  and  the  necessity  of  exterior  strapping. 

Conclusions 

Mixed  municipal  solid  waste  was  found  to  bale  satisfactorily  in  a 
range  of  from  1, 500  through  3,  500  psi.  Increased  pressures  up  to 
6,  000  psi  were  tested;  however,  no  additional  benefits  were  noted. 
Separate  components  of  mixed  waste,  such  as  rubber  tires,  were  found 
not  to  bale  under  any  circumstances,  Increased  moisture  content  of  the 
bales  tended  to  reduce  their  coherence  and  cause  rapid  deterioration. 
Suitable  moisture  contents  of  from  10%  to  30%  were  indicated  by  the 
results.  Baled  densities,  depending  on  the  compaction  pressure  applied, 
ranged  from  82  to  92  pounds  per  cubic  foot  during  the  compaction  effort. 
After  springback  of  the  bale  (that  is,  release  from  the  baler),  densities 
ranged  from  52  to  65  pounds  per  cubic  foot  depending  on  the  baling 
pressure  utilized.  Cost  for  the  baling  operation  based  on  2.9  million 
cycle  life  for  the  baler  was  estimated  at  approximately  50£  per  ton  in 
1969.  Experiments  were  run  with  adhesives  or  binders;  however,  these 
were  not  found  to  be  beneficial  for  the  purposes  of  the  research.  Baler 
capacities  averaged  about  200  pounds  per  minute.  Springback  of  the 
bales  amounted  to  as  much  as  95%  of  the  original  compacted  volume  dur¬ 
ing  a  24  hour  period.  The  major  factors  found  to  affect  the  stability  of 
the  bales  were  compaction  pressure,  time  of  pressure  application  and 
the  moisture  content  of  the  waste.  Exposure  of  the  selected  bales  to 
three  weeks  of  outside  weather  during  February  to  May  (in  Chicago)  did 
not  cause  appreciable  structural  deterioration.  Spillage  amounted  to 
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less  than  1%  of  the  bale  during  rail  haul  experiments. 


Critical  Comments 

The  compaction  pressures  reached  in  the  baler  are  equal  to  and 
sometimes  exceed  those  found  in  pellet  mills.  The  baler  offers  uni¬ 
form  compaction  across  the  face  of  the  material,  whereas  pressure 
differentials  in  the  pelletizer  probably  exist.  Baling  offers  another 
technique  for  producing  large  quantities  of  densified  refuse,  perhaps  at 
lower  cost  than  doe;;  the  use  •••;  oellet  mills  or  other  types  of  densifi- 
cation.  Volume  reductions  in  the  haler  were  ns  much  as  15  to  1  with 
.springbuck  reducing  tms  by  upp.-  ox.r.i«i>; ,  nail.  i  ,  n<u  densities  were 
acceptable  for  maximum  weight  shipment  of  material  by  truck  or  rail 
with  minimum  volumes. 


SYSTEMS  ANALYSIS  FOR  THE  DEVELOPMENT  OF  SMALL 
RESOURCE  RECOVERY  SYSTEMS 


Performing  Organization:  Systems  Technology  Corporation 

Sponsor:  U.S.  Department  of  Energy,  Assistant  Secretary  for 

Conservation  and  Solar  Energy,  Office  of  Buildings  and 
Community  Systems 

Contract  No.  AC01  -77CS20026 

Summary 

This  program  summarized  data  concerning  various  small  scale 
resource  recovery  systems  ranging  in  capacity  between  50  and  Z50  tons 
per  eight  hour  day.  They  were  compared  for  cost  and  efficiency  on  a 
standardized  basis  in  order  !■.•  identify  i  vmponents  which  required 
additional  R&  D  and  which  had  the  greatest  impact  on  the  systems'  per¬ 
formance  . 

Conclusions 

None . 

Critical  Comments 

No  conclusions  were  offered  in  the  document  that  were  of  value 
to  this  research  program.  Useful  data,  however,  for  the  potential 
fabrication  of  a  resource  recovery  facility  was  developed  and  can  be 
selected  based  on  a  number  of  systems  displayed.  The  document  is  ex¬ 
tremely  useful  for  producing  comparative  cost  data,  although  there  is  no 
validation  of  the  cost  data  or  explanation  of  how  this  was  generated.  The 
report  does  not  identify  research  needs  beyond  the  scope  of  existing  sys¬ 
tems;  i.e.,  no  recommendation  was  made  for  future  studies. 


EVALUATION  OF  EMISSIONS  AND  CONTROL  TECHNOLOGY 
FOR  INDUSTRIAL  STOKER  BOILERS 


Performing  Organization:  Battelle  Columbus  Laboratories, 

Columbus,  Ohio 

Sponsor:  U.S.  Environmental  Protection  Agency,  Industrial 

Environmental  Research  Laboratory,  Research 
Triangle  Park,  North  Carolina  277  11 

Contract  No.  88022627 

Summa  r  y 

The  report  is  prepared  essentially  in  three  separate,  related 
sections;  hence,  the  review  and  critical  comments  will  be  organized  in 
a  similar  manner. 

Phase  I  -  Alternative  Fuels  Evaluation 
Phase  II  -  Control  Technology  Evaluation 
Phase  III  -  Limestone /Coal  Pellet  Development 
Phase  I  -  Alternative  Fuels  Evaluation 

Summary.  A  200  kw  (very  small)  stoker  boiler  was  used 
lo  o-ahiate  characteristics  of  emissions  from  combustion  of  a  variety  of 
'.is,  including  coals  that  could  rot  De  conveniently  or  economically 
evaluated  in  a  larger  industrial  system.  The  stoker  was  operated  in 
two  modes,  an  underfeed  mode  and  a  spreader  stoker  mode. 

Emissions  Results.  For  underfeed  stoker,  under  10%  of 
the  fuel  nitrogen  was  converted  to  NO.  For  spreader  stoker,  between 
10%  and  20%  was  converted  to  NO.  Coals  naturally  high  in  calcium  and 
sodium  and  those  treated  with  these  elements  retained  significant  per¬ 
centages  of  sulfur  in  the  ash.  Retention  of  sulfur  in  the  ash  was  as  high 
as  20%  for  coals  with  small  amounts  of  calcium  and  sodium  but  signifi¬ 
cant  amounts  of  iron  and  sulfur.  Bed  temperatures  in  the  laboratory 
stoker  were  lower  than  those  in  an  industrial  stoker.  Particulate  load¬ 
ings  did  not  correlate  with  ash  content  of  the  coal  nor  of  its  size 
distribution.  It  appeared  that  friability  and  inherent  moisture  content 
oi  the  coal  may  nave  affected  pameuiate  loadings  since  those  properties 
are  influenced  by  the  amount  of  fines  generated. 

POM  Loadings  were  dramatically  lower  than  those  reported  in  an 
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earlier  report  for  intermitten!  operation.  Particle  size  distribution 
was  primarily  between  15  and  50  micrometers. 


The  limestone /coal  iuel  pellet  with  a  calcium /sulfur  molar  ratio 
of  7  reduced  SO,  emissions  by  over  7  0%  .  Even  at  elevated  bed  temper¬ 
atures  greiter  than  1100  C,  calcium  reacted  with  the  sulfur  and  retained 
it  as  a  sulfide  sulfate  complex  as  part  of  the  fuel  ash.  CO  levels 
generally  ran  between  50  and  100  ppm.  The  use  of  the  coal /limestone 
pellet  tended  to  flux  the  ash,  causing  (.Tinkering  and  non-uniform  bed 
burning  and  increasing  CO  levels  to  as  much  as  290  ppm.  In  a  spreader 
stoker  running  on  limestone  /  coal  pellets,  bed  temperatures  were  notice¬ 
ably  lower  than  for  coal  alone.  Generally  the  bed  temperature  was  less 
than  1000  C  and  this  resulted  i.n  higher  CO  emission  rates. 

Critical  Comments.  1  he  principal  observation  is  the 
increase  of  CO  emissions  in  the  limestone /coal  pellets,  which  would 
indicate  the  need  for  increased  volatiles  content  in  the  pellet  in  order  to 
produce  a  hotter  burning  fuel  that  was  consumed  somewhat  more  rapidly 
than  the  coal/limestone  mixture.  Additionally,  the  inclusion  of  lime¬ 
stone  would  tend  to  suppress  other  acid  gases  that  might  be  produced  by 
components  in  the  refuse  as  well  as  reduce  sulfur  emissions.  The  com¬ 
bined  effect  would  be  of  great  importance  in  reducing  the  potential  for 
boiler  corrosion  due  to  the  presence  of  polyvinyl  plastics,  etc.  in  the 
refuse  component.  Also,  the  lower  fuel  bed  temperatures  should  be 
noted . 

Phase  II  -  Control  Technology  Evaluation 

Summary,  In  this  portion  of  the  project,  a  larger  25,  000 
pounds  per  hour  spreader  stoker /boiler  was  used  for  testing  prepared 
coal  and  other  high  sulfur  content  fuels.  The  summary  results  were: 

.he  lime  stone /high  sulfur  coal  pellet  showed  a  sulfur  capture  of  about 
7  5%  with  a  calcium  sulfur  molar  ratio  of  7.  High  excess  air  rates  and 
overfire  air  proportion  at  low  loads  resulted  in  increased  sulfur 
retention  in  the  bed  ash.  CO  and  smoke  levels  were  controlled  by  pro¬ 
viding  adequate  excess  air.  CO  levels  were  low  for  all  fuels  tested  ex¬ 
cept  the  limestone /coal  pellet.  Clinker  formation  may  be  a  limiting 
factor  in  determining  the  minimum  excess  air  rate.  Clinker  formation 
occurred  readily  if  the  bed  depths  were  excessive,  with  6.3  to  7.6  cm 
bed  depths  reported  as  optimum.  High  sulfur  Ohio  coals  had  to  be  fired 
with  higher  excess  air  ratios  than  did  the  low  Ohio  and  Kentucky  coals. 

Critical  Comments,  The  principal  result  of  this  section 
of  the  report  appeared  to  be  a  reacquaintance  with  the  operating  princi¬ 
pals  of  spreader  stokers.  Data  produced  was  predictable,  based  on 
historical  operations  of  spreader  stokers,  except  the  change  in  overfire/ 
underfire  air  ratios. 


Phase  III 


Lu'if'bt.cnf./ri.al  Pellet  Development 


Summary  .  'this  lirst  [.or:  ion  oi  the  program  had  four 
principal  goals.  The  first  goal  was  to  develop  a  pellet  which  was  suit¬ 
able  in  mechanical  strength  t<>  withstand  both  weathering  and  the 
.-tresses  of  industrial  .-'okcr  coai  handling .  Further,  it  should  capture 
sufficient  sulfur  to  be  competitive  with  ether  sulfur  control  strategies. 
The  second  goal  was  to  process  variable  s  selected  to  carry  out  a  series 
of  experimental  studies  in  uraer  to  provide  a  comprehensive  under  - 
.-tai.d.cg  of  the  or-  .  thro  nei.'e  me  combustion  ->f  the  pellet  and 

the  capture  .>>  ’  V  >,:i in  <■ .  Third  ry  evaluations  were  to  be 

.  imeci  •..!  p  •  •  ••v..  •  ■.  c  pru>..»sing  pcliel.  Fourth, 

an  economic  ana  tvs  is  was  to  be  prepared  to  develop  the  pei-let  process 
•s»  a  r*  -is-  u-'hi.'  -  .  •  •  ■  uuf,  -.  t-Uet  was  produced  that, 

•  run,.;  <■  !.>  rumaior  \  tc  -.  -  .  ,;u.  .  : ;  :cnt  meciis  m  -al  strength  and 

i  in  h:luy  cha  ractcrist  ics  to  be  similar  :  ,  (hose  of  conventional  coals. 

In  general,  pellets  produced  by  auger  extrusion  or  pellet  mill  processes 
were  stronger  than  r h  >-se  produced  hv  disc  pelleting  or  briquetting. 
Binders  that  provided  some  resistance  to  weathering  were  identified; 
however,  no  binder  was  identified  as  completely  weatherproof .  Fixed 
bed  reactor  experiments  indicated  a  weak  dependency  b-  ween  the 
calcium /sulfur  ratio  and  sulfur  capture  for  ratios  above  two.  Calcium 
oxide  was  shown  to  be  a  superior  absorbent  to  limestone,  but  was  not 
economics  F'y  con  peri  live  with  the  limestone.  Results  of  process  vari¬ 
ables  studies  indicated  that  sulfur  is  retained  predominantly  as  calcium 
sulfate.  Apparent  reactions  betw’een  the  sulfur  and  limestone  were 
solid  state  processes  without  the  intermediate  formation  of  SO?.  In 
the  I  ■  bo t- ”•  v  evaluations,  again  the  denser  or  auger  extruded  and 

!  pellets  b\i«*oe-.i  better  than  the  briquettes  and  disc  agglomerated 
pc.  lets  '-;uifur  capture  was  about  0*%  at  calcium  sulfur  molar  ratios 
of  i.  5.  Sulfur  capture  in  the  steam  plant  was  lower  (about  50%)  and 
this  was  attributed  to  higher  burning  temperaturesfi.  e .  ,  in  excess  of 
1  BOO*  C).  Sulfur  capture  appeared  to  be  weakly  dependent  on  fuel  bed 
temperatures.  Fuel  pellets  burned  as  well  as  low'  sulfur  coal.  The 
results  of  the  economic  analysis  were  to  produce  pellets  for  a  cost  of 
■J  pnr  oximately  Sid  per  ton  above  the  cost  of  the  base  fuel  (i,  e .  ,  high 
';1  Ifur  coal).  This  result  was  based  on  a  60  ton  per  hour  facility. 

For  cost  purposes,  pellet  composition  was  assumed  to  be  65%  high  sul- 
dr  i,r  limestone,  .1%  prt  -gelatinized  cornstarch  and  1%  latex 

emulsion. 

Critical  Comments.  The  principal  value  in  this  section 
at  the  report  was  the  ext  oust  -.  si  •  oi  finders  evaluated  in  terms  of 
prognosticating  their  utility  for  pellet  formation.  Approximately  80 
binders  were  investigated  and  a  number  showed  considerable  promise. 

A  binder  which  shows  improved  characteristics  beyond  those  tested 
nas  been  identified,  but  this  information  was  not  released  by  Battelle 


since  they  seek  a  proprietary  position  in  the  binder.  Secondly,  other 
work  by  Battelle  and  reports  on  fireside  metal  wastage  from  firing 
refuse  and  refuse  and  coal  combinations  have  indicated  a  certain 
suppression  of  sulfur  emissions  from  the  coal  by  the  presence  of 
refuse.  Intimate  blending  of  refuse  could  reduce  the  requirements  for 
limestone  and  would  tend  to  also  reduce  the  sulfur  content,  suggesting 
that  a  combined  pellet  would  improve  the  combustion  characteristics 
as  well  as  suppress  sulfur  oxide  emissions  from  the  coal  without  a 
dramatic  increase  in  ash  content.  A  test  of  this  hypothesis  is  extreme 
ly  important  as  it  promises  to  produce  a  way  to  burn  refuse  satisfactor¬ 
ily,  even  refuse  whose  ash  content  is  higher  than  desirable,  while  also 
providing  a  market  for  high  sulfur  coals. 
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A  FIELD  TEST  USING  COAL 'dRDF  BLENDS  IN  SPREADER 
STOKER  FIRED  TOILERS 

Performing  Organisation:  Systems  Technology  Corporation 

Sponsor-  Solid  an-'.  Hazardous  Wr-ste  Research  Division,  Municipal 
and  Environmental  Research  Laboratory,  Cincinnati,  Ohio 

-PAR  « 


Cor.'  -  .i  No  .  ■  s  •  •.)  i 

: .  i .  i  . . 

This  rewuM  on  ....  •  mu  i.,r  -  >r.t  roiled  testing  of  dRDF 

..  :  u;e i .  i  .u  ee  pr  incipal  questions , 

].  Can  dRDF  be  burned  within  existing  environmental  constraints? 

Z.  Does  dRDF  burning  have  any  detrimental  effects  on  boiler 

systems  9 

3.  Is  dRDF  an  economical  substitute  for  coal9 

The  rrogr  *  m  include  a  the  preparation  of  approximately  300  tons 
of  dRDI  by  tne  National  Center  u,r  Ri-auurcc  Recovery  in  Washington, 
D.C.  During  production,  the  economics  of  the  dRDF  production  were  to 
be  evaluated.  NCRR's  report  has  been  reviewed  in  a  different  brief. 

B  tiler  pe.rhtrniar.ee  tests  we  re  carried  out  near  the  fuel  production  site 
•v  he-. ting  Cant  boilers  owned  by  the  Maryland  Correctional  Institute. 
These  were  tne  spreader  stoker  vibrating  grate  tvpe.  A  temporary 
alternate  fuel  feeding  s  ystem  t  on.-.!  r  j.  ted  in  order  to  control  the 

preparation  of  fuel  mixes  and  to  monitor  very  carefully  the  amount  of 
fuel  used  during  the  test.  In  addition,  the  secondary  fuel  system  was 
to  guarantee  that  the  boiler  plant  would  not  be  placed  out  of  commission 
due  to  unforeseen  difficulties  with  the  pelletized  fuel.  The  results  of 
the  per t»>r mane e  tests  were  not  terribly  surprising.  The  pelletized  fuel 
burned  readily  with  several  different  types  and  grades  of  coal  and  pro¬ 
duced  steam  at  the  desired  rates.  Steam  load  rates  on  the  boilers  were 
generally  found  ‘  he  w  due  to  -he  nature  of  the  source  of  load,  i.e. , 
multi -building  heating  and  food  preparation.  Most  of  the  results  were 
predictable,  if  one  carefully  considered  the  properties  of  the  fuels  that 
w*-  •••-  being  tired .  Minin  -i  t.-ui'nj  the  walls  was  observed  and 
corrosion  oe  mu  us  >•  c  r  •  .  > .  •  ;  in.  . . ,  ■;  m :  i  tu  d;  minima'  orrosion 

was  noted  with  the  exception  of  a  single  specimen  that  was  under  a  point 
where  slagging  occurred  because  of  a  maladjusted  spreader.  When  the 
spreader  adjustment  v.  a  *  corrected,  the  slagging  disappeared.  The 
bottom  ash  "-,-,5  gen.  raltv  iiner  is  otiDi  was  substituted  tor  coal  in  the 


facility.  Similarly,  ash  collected  by  electrostatic  precipitators  and 
normal  mechanical  dust  collectors  was  generally  skewed  toward  a 
smaller  particle  size  range.  Carbon  content  of  the  fly  ash  captured  by 
emission  control  equipment  was  very  high,  but  decreased  as  dRDF  was 
substituted  fo:-  the  coal.  Generally,  the  boiler  efficiency  was  low, 
about  55%  to  60%.  Maximum  efficiency  measured  on  the  test  boiler 
was  79%  at  an  excess  air  rate  of  34%  when  the  boilers  were  new.  The 
boilers  were  operated  for  most  of  the  test  period  at  approximately  30% 
of  design  rating  and  at  very  high  excess  air  rates. 

In  terms  of  environmental  performance,  particulate  emissions 
generally  were  somewhat  decreased  due  to  improved  burn-out  of  the 
carbon  in  the  particulate.  Particle  resistivity  was  increased  relative 
to  that  of  coal  alone.  Electrostatic  precipitator  performance  was  not 
measured,  although  a  test  was  attempted.  Opacity  generally  decreased 
as  dRDF  was  substituted  for  coal.  Sulfur  dioxide  decreased  in  direct 
proportion  to  the  rate  of  dRDF  substitution.  Nitrogen  oxide  measure¬ 
ments  showed  no  significant  differences.  Chlorine  and  florine  emis¬ 
sions  increased.  Hydrocarbons  stayed  approximately  the  same,  at  a 
very  low  level.  Several  trace  metal  emission  rates  increased  signifi¬ 
cantly  but  not  to  a  level  of  concern. 

The  fuel  handling  system  performed  reasonably  well.  Some  in¬ 
formation  was  obtained  about  fuel  storage  and  it  was  noted  that,  when 
exposed  to  the  elements,  the  fuel  degraded  rapidly  and  severely.  Hence, 
covered  storage  appeared  to  be  a  requirement  for  dRDF. 

Critical  Comments 

In  general  the  program  accomplished  the  goals  that  it  set  out  to 
achieve,  i.e.,  to  demonstrate  on  a  preliminary  basis  that  dRDF  could 
be  cofired  with  coal  without  prohibitive  detrimental  effects.  Difficulties 
with  dusting  of  the  fuel  were  recognized  in  the  preliminary  work. 
Additionally,  fuel  quality  was  and  has  continued  to  be  less  than  totally 
desirable.  Further,  the  economics  of  the  dRDF  production  system  still 
remain  obscure. 


bl 


COAL/ciRDF  nKV,v  -  ’  M'1'"-'  t  ••  >  l\  N  INDUSTRIAL  SPREADER 

st-'Kk:;  :■<- 

Performing  Organi/  m.  >  :  S\  stems  Te<  hncdogy  Corporation 

Sponsor;  S  -  •.  i  :  '  •  ••  1  •*.  -•  >;  ,  ir  v.  Revision,  Municipal 

Envir.  •nn’»--r:ial  b  ■. .  •  >r  ••  •  >r  v  ,  Cincinnati,  Ohio 

45dl-h 

t, '  -.nit  ra«.  t  No.  t  ■  -  1  v. ; 


Th’«  v  ;  i,;.v.  i  -ns  <  arried  out 

xt  ’  he  Maryianu  Cur  <•••■.  •  •  ■  . .  ...  •  ..  i.  •  '*•<•  ui'  bur’,  period  of 

■  i  ♦..dal  of  4 'IT  hours  ■  r.  dR’\‘*  •  —  •  >•  ■■  •■••••  ■■-in  .->  r.e '  \  .1,700  ions  of 

dRDF  were  cofired  will,  coal  in  \  •  1 .  t  :  e  ■  -r  i  ratios  up  to  4  to  1,  and  one 
brief  period  wl:t  ru  .1,  -...  >  .  t'irr-t .  Substantia’  o  -rtions  of  the 

fuel  had  been  stored  out  -of -doors  lor  more  than  six  months  and  were 
severely  degraded  in  nature ,  being  pred*  ••nira  ntly  n.-ust  fines. 

Results.  N*. .  great  surprises  were  discovered  during  the 
tests  in  terms  of  butler  per  t<  <r  mu  n.  e  or  .  hanges  in  environmental  impacts 
of  »!:<-.  boiler.  Sulfur  em.is  siona  w  ••re  reduced  in  direct  proportion  to  the 
dRDF  substituted  for  the  <  oal.  Certain  heavy  metals,  including  lead, 
were  up  as  dRDF  was  substituted.  \  slight  drop  in  boiler  efficiency  was 
noted,  however .  this  was  accredited  t<>  ’he  high  moisture  content  of  the 
it.  •  I'lut  mu.:  tare  curt*  •■•..-.  ,  .  :-jttler-’i  bly  higher  after  storage, 

rt  ■  oat  u.  -a  •  ;•  a  ’■f'b-  Luc  -  than  when  the  pellets  were  first 
:.;••  f,.-  ;a>  tun  u.  l)i  st  cene  ra:  '•.•:•  •  :v.  ted  .severe  where  the  pellets 

were  unloaded  n -no  Mucks  .-u.d  ?t  o..i.ve  >  or  transfer  points.  Pellet  ash 
contents  ranged  from  as  low  as  L-tT  to  over  307c.  Moisture  contents 
ranged  from  14%  to  54% .  Some  <  Tinkering  was  noted  with  the  high  ash 
pellets  that  had  been  stored  for  a  tone  period  of  time  and,  thus,  were 
fired  as  mostly  fines.  This  may  have  been  a  function  of  the  ash  content 
of  the  : ''diets  or  the  blinding  effe.  t  >f  excess  fines  on  the  fuel  bed  which 
•rr.d<’d  *•  .  ce  c-ta’.  r  distribution.  Lower  ash  content  and  less 

degraded  pellet?  did  not  snow  the  clinkering  effect.  Pellets  that  were 
deter  in  rated  -  au.se-,  -  -  mo  icier  -ivo-  c  aterjals  handling  problems  and 
required  constant  manual  roclding  of  the  fuel  bunker  in  order  to  remove 
various  fuel  blend?  from  the  bunker  and  distribute  them  to  the  boiler 
,•»•-'.;•  rs  . 

Emissions  from  the  materials  were  as  expected:  substantially 
increased  chloride  due  to  the  increased  chlorine  content  of  the  refuse, 
decreased  SO,,  significant  increases  in  metals,  and  no  effect  on  NO  , 


CO  or  hydrocarbons.  Fly  ash  particle  size  distribution  range  changes 
went  in  both  directions  depending  on  the  condition  of  the  pellet  being 
fired.  Corrosion  measurements  were  attempted,  but  no  evidence  was 
detected  that  corrosion  would  be  a  problem. 

Critical  Comments 

Two  areas  of  the  test  were  somewhat  deficient.  The  first  of 
these  was  the  systein  used  for  metering  the  blend  of  dRDF  and  coal 
which  was  adjusted  on  moisture  contents  determined  on  the  as -received 
fuel.  After  storage,  tiie  moisture  content  of  the  pellets  had  increased 
substantially.  This  caused  a  general  error  in  the  cofiring  measure¬ 
ments  so  that  substantially  less  dRDF  was  fired  than  planned. 

A  second  area  of  considerable  experimentation  difficulty  was  the 
variability  of  the  boiler  load.  The  boiler  being  used  for  tests  was  the 
boiler  used  exclusively  to  follow  load  variations.  This  gave  rather 
dramatic  and  almost  continuoi  shifts  in  the  load  rating  of  plus  or  minus 
15%  to  <d5%  over  a  given  averag  loading,  making  precise  data 
interpretation  extremely  difficult. 

Interestingly,  in  spite  of  many  difficulties,  no  derating  of  the 
boiler  was  required  even  at  full  load  or  more.  Boiler  efficiency  was 
reported  to  be  down  by  a  few  percent  and  might  well  have  been  adjusted 
by  improved  air  handling  or  improved  instrumentation  to  follow  load  in 
a  more  anticipatory  manner.  Overall,  the  test  demonstrated  dRDF 
could  be  successfully  utilized  as  a  boiler  fuel  with  certain  physical 
handling  difficulties.  Pellet  integrity  left  much  to  be  desired  as  did  the 
heat  content.  The  quality  of  the  fuel  could  be  considered  acceptable, 
although  not  necessarily  desirable.  The  same  conclusions  are  being 
drawn  at  Wr ight. -Pa tte r son  A ir  Force  Base. 


WASTE  TO  ENERGY  COMPENDIUM 


Performing  Organization:  National  Center  for  Resource  Recovery, 

Inc.,  Washington,  D.C.  20036 

Sponsor:  U.S.  Department  of  Enemy,  Assistant  Secretary  for 

Conservation  and  Renewable  Energy,  Office  of  Energy 
from  Municipal  Waste,  Washington,  D.C.  20585 

Contract  No.  ACOi  -7CDSL01  67 

Suinrna  r  y 

The  document  describes  35  waste  to  energy  projects  in  the  United 
States.  Included  in  these  are  nine  refuse -derived  fuel  production 
facilities,  six  refuse -derived  fuel  user  facilities,  two  combined 
production  and  user  facilities,  and  18  mass  burning  facilities.  Only 
those  facilities  that  are  operational  or  in  advanced  stages  of  startup  have 
been  included  in  this  survey.  Only  one  dRDF  user  is  reported. 

Conclusions 

Based  on  the  survey  presented,  the  only  dRDF  user  presently 
active  in  the  United  States  on  a  significant  basis  is  the  U.S.  Air  Force  at 
Wright -Patterson  Air  Force  Base. 

Critical  Comments 

The  document  provides  an  excellent  overview  of  the  status  of  the 
industry  as  of  April  1981.  In  general,  one  can  conclude  that,  if  dRDF  is 
lt>  be  a  viable  energy  resource  in  the  United  States,  it  must  succeed  or 
fail  at  Wright -Patter son  Air  Force  Base. 


EVALUATION  OF  THE  AMES  SOLID  WASTE  RECOVERY  SYSTEM: 
REFUSE  PROCESSING  PLANT  AND  SUSPENSION  FIRED  STEAM 
GENERATORS 


Performing  Organization:  Midwest  Research  Institute 

Sponsor:  City  of  Ames,  Iowa,  Department  of  Public  Works;  and 

Industrial  Environmental  Research  Laboratory,  Office  of 
Research  and  Development,  U.S.  Environmental  Protection 
Agency,  Cincinnati,  Ohio  45268 

Summary 

The  City  of  Ames,  Iowa,  constructed  a  refuse -derived  fuel  manu¬ 
facturing  system  in  the  mid-1970's.  Initial  operation  was  plagued  with 
a  number  of  difficulties  including  excessive  ash  content  in  the  fuel  product, 
which  contributed  to  unacceptable  rates  of  wear  on  pneumatic  conveyors 
and  other  equipment.  In  addition,  there  were  unacceptable  rates  of  dust 
generation  which  contributed  to  the  premature  failure  of  a  number  of 
pieces  of  electrical  equipment.  Dviring  the  period  1976  to  1979,  modifi¬ 
cations  were  made  in  the  plant  design  and  equipment  to  reduce  the  ash 
content  of  the  fuel  and  increase  the  reliability  and  longevity  of  the  plant. 
Major  improvements  to  the  firing  system  included:  the  addition  of  dump 
grates  to  the  suspension  fired  steam  generator  to  improve  the  complete¬ 
ness  of  combustion  of  RDF  and  a  relocation  of  the  RDF  fuel  nozzles  to 
below  the  coal  nozzles  to  reduce  emissions.  A  grit  removal  system  in 
the  form  of  disc  screens  was  added  to  the  processing  plant  to  improve  the 
quality  of  RDF.  Dust  controls  were  added  to  improve  the  quality  of  RDF 
and  to  preserve  mechanical  equipment  in  the  plant,  as  well  as  improving 
the  worker  environment.  Pneumatic  conveyor  capacity  was  increased 
for  delivery  of  the  RDF  to  the  fuel  user.  An  experimental  investigation 
of  the  application  of  RDF  to  two  stoker  fired  boilers  was  also  carried  out. 

Results.  During  the  period  of  investigation  and  modifi¬ 
cations  ash  content  of  the  RDF  was  reduced  from  approximately  20%  to 
approximately  10%,  while  the  heating  value  was  increased  by  approxi¬ 
mately  25%.  During  RDF  suspension  firing,  boiler  efficiency  decreased 
3.3%  when  operating  at  80%  load  and  20%  RDF  heat  substitution  rate. 
Efficiency  decreased  1%  at  100%  load  with  20%  RDF  heat  input.  Particu¬ 
late  emissions  increased  slightly  in  the  suspension  fired  system,  whereas 
they  were  decreased  in  spreader  stoker  firing  of  the  RDF  when  compared 
with  coal  alone.  Oxides  of  nitrogen  and  oxides  of  sulfur  both  decreased 
during  RDF  burning,  while  chlorides  increased.  Increased  emissions  of 
trace  elements,  such  as  zinc,  copper,  lead  and  galium  were  measured, 
which  corresponded  directly  to  increases  in  the  substitution  of  RDF  for 
coal.  Corrosion  and  metal  tube  wastage  were  investigated.  No 


corrosion  or  metal  tube  wastage  was  observed  during  the  period  of  the 
test. 


Critical  Comments 

The  report  covers  an  extended  period  of  time  during  which  many 
plant  modifications  were  undertaken  in  order  to  improve  operations  and 
the  quality  of  the  product  prepared.  One  would  deduce  that,  ''  ith  con¬ 
tinued  efforts,  further  fuel  quality  improvements  might  be  achieved,  al¬ 
though  they  might  not  be  as  dramatic  as  those  achieved  during  the  three 
years  whic  h  were  covered  by  this  report.  Very  useful  information  is 
offered  by  the  report  on  techniques  for  improving  the  quality  ot  RDF,  as 
well  as  insights  into  the  costs  of  produci  RDF  using  the  large  primary 
shredder  approach.  One  would  suspect  if  pre  -shredding  material 

to  relatively  fine  sizes  were  leasibie  in  creating  a  material  of  10%  ash 
content,  then  pre -separation  of  the  material  before  shredding,  or  with 
very  minimal  shredding  to  accommodate  the  separation,  could  result  in 
further  lowering  >f  ash  contents  of  'he  refuse -derived  fuel. 


FIELD  TEST  OF  INDUSTRIAL  STOKER  COAL  FIRED  BOILERS 
FOR  EMISSIONS  CONTROL  AND  EFFICIENCY  IMPROVEMENT, 

SITE  B 

Performing  Organization:  KVB,  Inc.,  Minneapolis,  Minn.  55442 

Sponsors:  U.S.  Department  of  Energy,  Division  of  Power  Systems, 

Energy  Technology  Branch,  Washington,  D.C. 

U.S.  Environmental  Protection  Agency,  Office  of 
Research  and  Development,  Industrial  and  Environmental 
Research  Laboratory,  Research  Triangle  Park,  North 
Carolina  277  1  1 

DOE  Contract  No.  EF -77  -C -0 1  -2609 
Surr  mary 

The  Department  of  Energy  and  the  Environmental  Protection  Agency, 
through  a  cooperative  agreement,  funded  a  major  study  by  ABMA 
(American  Boiler  Manufacturers  Association)  to  investigate  a  number  of 
spreader  stoker  installations  around  the  country  operating  on  a  variety  of 
coals  both  for  boiler  efficiency  and  emissions  control  capabilities.  This 
particulare  site  is  typical  and  consisted  of  a  single  pass  Riley  boiler  with 
a  Riley  spreader  stoker,  having  a  continuous  rating  of  200,  000  pounds  per 
hour  of  steam.  During  the  test,  the  boiler  was  operated  at  185  psi  and 
500°  F  steam,  with  225°  feed  water,  even  though  it  was  designed  to  produce 
7  50°  steam.  Thus,  the  boiler  was  somewhat  overdesigned  for  its  operation. 

Results.  During  the  testing,  it  was  learned  that  particulate 
emissions  were  reduced  approximately  25%  when  the  rear  boiler  wall  over¬ 
fire  air  flow  was  increased  by  28%.  Boiler  efficiency  was  increased 
approximately  3%  by  this  same  overfire  air  flow  modification.  The  over¬ 
fire  air  accounted  for  20%  to  30%  of  the  total  air  introduced  to  the  furnace 
at  both  intermediate  and  high  loads.  When  fly  ash  injection  was  reduced 
30%  for  a  high  load  test,  particulate  emissions  at  the  boiler  outlet  were 
reduced  by  39%.  Simultaneously,  boiler  efficiency  was  reduced  by  2.2%. 

Of  this  total  loss,  1.3%  or  approximately  half  was  represented  by  the  heat¬ 
ing  value  of  the  fly  ash  that  was  not  reinjected.  Particulate  loading  was 
observed  to  increase  with  the  grate  or  underfire  air  ’relocity.  Particulate 
loading  appeared  to  increase  at  a  rate  of  about  8%  for  each  10%  increase 
in  boiler  load  over  the  range  tested.  Nitrogen  oxide  emissions  did  not 
change  substantially.  Carbon  monoxide  emissions  were  negligible. 

Boiler  efficiency  was  independent  of  load,  but  increased  with  decreasing 
excess  air  at  a  rate  of  about  .6%  for  each  1%  of  reduction.  Among  the 
four  different  coals  tested,  no  particulate  emission  relationship  was 
observed  because  all  were  similar  in  size  range  and  basic  composition. 
Similar  results  were  observed  for  nitrogen  oxide  and  carbon  monoxide 
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emissions,  as  well  as  for  boiler  efficiency  changes.  Multi -clone  and 
ESP  efficiencies  approximated  99.  S°/c . 

Critical  Comments 

Significant  data  were  generated  to  describe  spreader  stoker 
boilers  firing  a  variety  of  coals.  While  all  of  this  data  may  not 
necessarily  be  translatable  to  dRDF  firing,  it  certainly  does  provide 
leading  insights  on  approaches  to  improved  boiler  performance  and 
efficiency.  A  finding  of  importance  is  the  direct  correlation  between 
boiler  efficiency,  emissions,  and  reduced  underfire  air.  A  decrease 
in  underfire  air  at  Wright -Patterson  Air  Force  Base,  along  with 
improved  controls,  would  reduce  the  need  for  fly  ash  reinjection  to 
maintain  efficiency  and,  thus,  reduce  particulate  loading  on  the 
collection  system,  again  without  sacrificing  boiler  efficiency. 


TECHNICAL  REPORT  CONCERNING  DENSIFICATION  AND 
GASIFICATION  OF  REFUSE -DERIVED  FUEL 

Performing  Organization:  SPM  Group,  Inc.,  Englewood,  Colorado 
Sponsor:  Colorado  Correctional  Industries,  State  of  Colorado 

State  Contract  No.  65001  1 

Summary 

This  report  detailed  experiences  in  preparing  densified  refuse  - 
derived  fuel  using  the  SPM  Group  process  and  densification  scheme  for 
preparing  the  fuel  and  then  for  gasifying  the  fuel  in  a  Forest  Products, 
Inc.  close -coupled  gas  generator  and  firing  the  gases  in  a  small  boiler. 

Results.  The  results  from  the  test  suggest  that  no  major 
problems  were  encountered  in  the  production  of  the  briquettes  required 
for  the  test,  i.e.,  several  hundred  pounds.  The  fuel  had  a  heating 
value  of  7,  500  BTU's  per  pound  and  an  ash  content  of  8°/c.  Gasification 
of  the  briquettes  was  successfully  carried  out  on  the  pilot  scale  investi¬ 
gation  and  appeared  capable  of  being  scaled  up. 

Critical  Comments 

This  report  is  presently  the  only  one  available  on  the  SPM  Group 
densified  refuse -derived  fuel  preparation  system.  It  implies  that  the 
system  performed  its  functions  satisfactorily  in  every  sense  of  the  word. 
However,  the  scale  of  operations  was  relatively  limited  as  was  the 
duration  of  the  tests.  Scale-up  problems  and  reliability  problems  could 
be  realized  if  the  system  were  expanded  and  if  operating  demands  were 
increased . 
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DESIGN  CONSIDERATIONS  FOR  MUNICIPAL  SOLID  WASTE 
CONVEYORS 


Performing  Organization:  National  Center  for  Resource  Recovery, 

Washington,  D.C. 

Sponsors:  U.S.  Environmental  Protection  Agency,  Municipal  and 

Environmental  Research  Laboratory,  Grant  No. 
R80fc79091;  and  U.S.  Air  Force  Engineering  and  Services 
Laboratory,  Tyndall  Air  For  re  Base,  Florida 


Summary 

The  purpose  of  the  research  was  to  develop  a  systematic  com¬ 
parative  evaluation  technique  that  would  apply  to  the  design  of  conveyors 
for  municipal  solid  waste  and  its  derivatives.  Two  tvpes  of  conveyors 
were  tested;  belt  conveyors  of  varying  inclination  and  idler  angle,  and 
vibrating  pan  conveyors  The  report  included  a  discussion  of  the 
various  materials  ana  operational  parameters  as  developed  by  Conveyor 
Equipment  Manufacturers  Association  and  their  application  to  municipal 
solid  waste  and  its  derivatives.  Tests  were  carried  out  to  evaluate 
spillage  against  conveying  capacity.  A  majority  of  the  work  was  done 
on  belt  conveyors. 

Results.  In  general,  me  results  indicated  that  significant 
losses  could  be  expected  with  any  type  of  conveying  system  tested  within 
the  range  of  conditions  and  parameters  tested. 

Perhaps  '.he  most  significant  conclusion  was  that  considerably 
more  engineering  evaluation  was  required  in  order  to  develop  a  convey¬ 
or  design  technique  for  municipal  solid  waste  and  its  derivatives. 

Useful  significant  data  in  both  the  area  of  belt  velocity  and  loading 
capacity  was  presented  on  a  comparative  basis.  However,  one  chart 
demonstrated  that  even  at  the  minimum  feed  rate  and  conveying  rate  on 
a  belt  conveyor  with  municipal  waste,  spillage  was  on  the  rate  of  .05% 
per  hour  per  25  foot  length.  The  conveyor  was  rated  at  five  tons  per 
hour.  Thus,  in  a  24  hour  period  of  operations,  six  tons  of  material 
would  be  lost. 

Critical  Comments 

The  work  is  of  considerable  value  as  a  firs!  step  in  evaluating 
municipal  solid  waste  conveyors.  in  general,  one  might  conclude  that 
they  have  been  dramatically  undersized,  given  the  properties  cf  the 
material  that  they  are  designed  to  convey.  Alternatively,  a  broader 
spectrum  of  conveying  capabilities  should  have  been  examined  for  those 
which  were  most  compatible  with  'tie  varied  properties  of  municipal 


solid  waste.  No  attempt  was  made  to  segregate  the  solid  waste 
materials  by  screening  in  order  to  determine  the  relative  contribution 
of  their  various  size  fractions  of  solid  waste  to  the  spillage  problem. 
For  example,  the  dynamics  of  conveying,  as  well  as  wind  resistance, 
create  a  situation  such  as  is  found  in  an  air  classifier;  i.e.,  the  fines 
will  tend  to  be  scrubbed  from  the  moving  conveyor  if  they  are  even 
minimally  exposed  to  air  resistance.  A  significant  portion  of  the 
spillage  consisted  of  fines  which  are  reported  as  present  in  large 
quantities  in  most  solid  waste  systems.  A  comparative  definition  of 
acceptable  spillage  rate  against  cost  of  cleanup  might  be  very  useful  in 
order  to  determine  the  level  at  which  a  conveyor  design  is  monetarily 
acceptable.  A  scan  of  conveying  technologies  for  compatibility  with 
municipal  solid  waste  would  be  most  useful  as  compared  to  their 
application  for  other  materials  (i.e.,  definition  of  solid  waste  proper¬ 
ties  for  conveying  purposes  and  comparison  with  properties  and  the 
types  of  conveyors  and  sizes  which  have  been  used).  Such  an  empiri¬ 
cal  approach  could  provide  much  useful  data  for  future  research  work. 
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DENSIFICATION  OF  REFUSE -DF.^IVFD  FUELS:  PREPARATION 
PROPERTIES  AND  SYSTEMS  FOR  SMALL  COMMUNITIES 

Performing  Organization:  National  Center  for  Resource  Recovery, 

Washington,  D.C.  20036 

Sponsor:  Municipal  Environmental  Research  Laboratory,  Office  of 

Research  and  Development  V  .  S .  Environmental 
Protection  Age»c\ ,  Cincinnati,  Ohio  43263 


Summa  r  v 


i  he  ore-  t:ve  •>!  w  •  ;k  t .  ...•  •: s tig ate  and  !.  sc  r  ibe  the 

:i  m .  performance  and  or  •  •j-xc1  mo  r;:~  ra ot <?•>••;  =  «  j , - : •  .  f  shredder 
and  der.sii’ier  subsystem  'vhich  was  i . <  produce  den&ified  refuse -derived 
fuel  from  shre  elded,  a :  r  !•  i  •'  d  :  r  cn.  1  ■ ;  v  s  c  ;,o  ra  *  •  \  r’i'rioipal 
refuse.  The  RDF  prepa  rat  pr  oc^s  -(insisted  feed,  conveyors 
and  a  100  ton  per  hour  s  hr  «•<:<>  r ,  20  tor.  :r  r  h.c.ur  out  feed  ..  onveyrs, 
magnetic  separator,  aium’m.n  sep  ir.tt  r,  .mu  an  air  >  _  a  .■>  s  .  fit  :• .  A  pre - 
trommel  '.vis  used  during  •  >r?  ions  if  the'  test  program  .  The  prepared 
light  fraction  was  sei  .uvia  ry  .;nr<  dued,  ..  >r  classified  e.sun  and  delivered 
a  den.-  >  tie  r  .  '!'■.•  -o;'-.  r  ..  m.vs'm  ■  ,  .r-.-istec  -  *  ■  '  ive  bottom  bin 

l  ■ '  i  fed  a  i'aL'.-rn:*  i  t  in.  ill  la:  >■!'.<•:  uer  w  a  s  operated  mainly 
with  half  inch  opening  dies  and  produced  pel  lets  at  a  maximum  rate  of 
t vo  to  three  tons  per  hour  •>(  operation 

1  ••  ..  '  ;  :  -  '••'‘'V  system, 

h  ecs  u  mu.-.  ...  <*g..  i-  i.igtm'.  t-  i  r  •/:-  *  j.r  ■  :  u  .-  vs  tern,  had 

-gruticHni  .inverse  mil  .:*•  i.,  e  .  n  1  »n  p«- :  . ;  :  ,» •>.;  ;  t  me 

ns  i  tier  s yn  *  e  .  1  he  strciiiinrv  1  rm.h  r  w  .  • .  a  , !  \  operated 

v  h  thirty  •  t.  ;r  l  I  >  2.  in.  thick,  harm.e  a  n-.i  \,.s  •  •  a  r  ommodate 

i  -  smaller  hammers.  The  sh:  eclder ,  h«>w  ever  ,  :  le«l  •  •  ■  rel  ;.ibi  v  reduce 

the  size  of  textiles  m  the  system,  which  in  turn  created  s  i  gnit'ican? 

oh  ■-  in  toe  i  >|  )i  ■  (*a  1 1  on  of  *llr  :  1  r  ,  •■:.(  i  p.  .veve  r  ,  one 

eh'  >  tic  'ode  that  fhe  shrediie  r  r  '  -r”  -a  »..r tl  \  a  s  a  feed 

•levi-  r  tor  the  nelielizer  subs  ystc  .  Nr  .  ft-  hummers  >e>*m  to  nave  per  - 
•  rmtil  ’  h>  m  :im  ru,,  •  a  u.i’-  ■  ...  rs  •  ••  •<••!.  :  r  s.'irr'idine  of 

■  ;r  classified  light  fraction. 


De  r.  s  1 1  ic  r  .(pcrut.i.u  u  •  ■  - .  ■  . . .  i  t .  ■  r .  :  • 1  ■  r  c  1  '  *  *  e  s  m  n  g  •  A  pr  e  - 
on.  tec  »  to  to  t'>r.  per  hour  ;  -p  i  .  >  r  u<  . .  •  i.  er  •».  ■ never 
realized.  the  apparent  reasons  t or  this  were:  (i)  the  ecpiinment  con- 
tiguration,  (2)  the  lie  and  roller  condition,  (3)  stahiiiTv  of  feed  rate,  (4) 
neneral  feedstock  properties  l  r.c  1  no  in. .  moisture,  detutv  a  mi  particle 
-i/e,  and  the  presence  .  .i  oversize.:  t  ex*  iic  a  New  roils  were 


substituted  during  the  operation  of  the  mill  which  temporarily  increased 
the  rate  of  throughput  from  2.3  tons  per  hour  to  3 . 5  tons  per  hour.  The 
increase  was  thought  to  be  due  to  sharper  nipping  of  the  material  by  the 
corrugated  rolls,  which  implies  that  if  the  material  had  been  further 
reduced  in  size  by  preshredding,  throughput  from  the  mill  might  have 
increased  dramatically.  Loss  of  sharp  edges  in  the  new  rolls  occurred 
with  less  than  50  tons  of  throughput  and  capacity  dropped.  Consequently, 
the  rolls  would  have  to  be  renewed  repeatedly  or  the  feed  material  modi¬ 
fied  in  such  a  way  that  shearing  was  not  required  of  the  machine.  Die 
and  roller  life  was  projected  at  2,  313  tons  for  dies  and  1,  211  tons  for 
rollers.  If  the  ash  content  of  the  feedstock  were  reduced  from  25%  to 
10%,  this  life  could  be  doubled  to  3,  550  tons.  This  increased  die  and 
roller  life  was  used  to  estimate  the  economic  viability  of  the  process, 
not  the  life  actually  measured  in  pilot  operations. 

Pellets  prepared  from  the  light  fraction  with  greater  than  30% 
moisture  content  tended  to  be  scaly  and  break  apart  readily,  producing  a 
large  quantity  of  fines.  A  correlation  between  pellet  density  and  fines 
content  was  attempted.  Fines  concentrations  of  up  to  25%  were 
measured  after  10  drops  of  the  pellets  in  an  empirical  test  procedure. 

While  the  pellets  were  stored  outdoors,  some  oxidation  was 
observed  in  the  form  of  smoldering  seams.  These  seams  had  to  be 
excavated  and  quenched  with  water.  Five  hundred  tons  of  pellets  pro¬ 
duced  were  thus  lost.  Additionally,  the  cause  of  the  oxidation  was  never 
defined.  Both  extraneous  sources  of  fire,  such  as  cigarettes  tossed  into 
the  pile,  and  spontaneous  combustion  are  possible  sources.  Aerated 
covered  storage  is  suggested  as  the  best  method  for  storing  dRDF  in 
order  to  promote  drying  and  prevent  the  addition  of  moisture  either  from 
the  elements  or  manmade  sources. 

The  economics  of  the  de ns ification  process  and  prior  processing 
was  predicted  on  the  basis  of  allowable  sales  price  of  the  fuel  product 
estimated  at  two  levels,  $1.50  per  million  BTU's  and  $2.50  per  million 
BTU's.  Under  these  conditions  and  with  the  other  optimistic 
assumptions  of  equipment  life,  two  sizes  of  plants  were  described  as 
economically  feasible.  Conclusions  concerning  the  economics  of  the 
process  ire  difficult  to  evaluate.  Total  cost  of  a  small  facility  (i.e., 

10  tons  per  hour  capability)  is  prognosticated  at  $1,687,000  for  the  front 
end  system  and  an  additional  $190,  000  for  the  densification  module.  It 
should  be  noted,  however,  that  these  throughput  levels  of  20  and  10  tons 
per  flour  are  very  optimistic  since  only  one  or  two  densifiers  are 
included  and  ac'ual  performance  has  been  two  and  a  half  tons  per  hour 
per  detisifier,  not  8  to  10.  I' he  i ve rail  lapital  cost  of  the  small  dRDF 
fa  <  ilit)  of  $1,087,  000  appears  quite  reasonable  overall.  The  actual 
productive  <apac  lty  of  such  a  plant  must  remain  a  point  of  speculation, 
since  to  date  no  one  has  been  able  to  operate  pellet  mills  at  a  reasonable 


rate  of  pelletization  which  would  allow  for  adequate  repayment  of  invest¬ 
ment.  (Routine  oner  n  iur  o'*  th  ■  *  •;  -  '  •  «  :  mills  by  the  MRS  contractor 

has  demons tra tea  an  average  capacity  _.i  i  1/i  tons  per  hour  per  pellet 
mill .  ) 

Grit ‘cal  r\  irn-ents 

Work,  carried  out  by  the  Natv  <ml  G enter  for  Resource  Recovery 
offers  much  enli ghtenme.  t  concerning  advantages  and  disadvantages  of 
:.i  ttempt  iiig  :  ..  >.  ,  c<\  c  o  ?.*'■ -.is  1 1' •  vc  c  r  d  for  in 

commerce  '  boilers  .  Much  of  t  he  the  di  f/:  ".n  e  ct  ritnees 

which  Nc'RK  '■':■*  i  ce.ec.  will  bt  oi  gr  I  .••<  .o:.'  ti  .  •■no  lair.i  gener¬ 
ation  attempts  m  this  area. 

The  approach  to  ttu-  de  .nut  .*  *.c  >  >'  <r,<  ecorinmcs  •  f  d  RDF  :  -  not 
.!j  useful  as  other  approaches  nn-.'h»  have  been.  The  reader  is  left  in 
doubt  as  to  whether  d.RDF  ;s  an  economically  viable  or  mviable  process. 
Cerva  in  of  the  caveats,  such  as  'he  eioersio''  c.f  oroducf  ior.  capacity  for 
densifiers  far  beyond  that  which  v.as  demonstrated  in  the  field,  make 
the  economics  of  the  process  as  displayed  in  the  report  highly  question¬ 
able.  The  report  provic.es  mar.-,  ms  ignis  into  problems  that  ether 
researchers  and  commercial  ventures  in  the  densified  fuels  area  would 
like  to  oypass .  Careful  suicy  of  this  report  is  therefore  warranted. 


EVALUATION  OF  dRDF  USED  AT  MILITARY  INSTALLATIONS 


Performing  Organization:  Cal  Recovery  Systems,  Inc.,  Richmond, 

California 

Sponsor:  Department  of  the  Navy,  Civil  Engineering  Laboratory, 

Port  Hueneme,  California 

Contract  No. 

Summary 

The  purpose  of  this  work  was  to  assess  the  specifications  cur¬ 
rently  being  used  for  dRDF,  establish  the  similarities  and  differences 
between  fuels  that  might  be  fired  in  a  spreader  stoker,  and  assess 
current  production  and  firing  techniques  for  dRDF.  Recommendations 
are  offered  for  an  improved  set  of  dRDF  specifications  and  additional 
research  concerning  the  production  of  dRDF  at  existing  pilot  plants. 

Results.  Pellet  drying  and  cooling  is  recommended  in 
order  to  reduce  degradation  through  biological  means.  Pellet 
densities  of  65  to  70  pounds  per  cubic  foot  and  moisture  contents  of  15% 
are  described  as  routinely  achievable. 

Critical  Comments 

The  report  provides  valuable  data  concerning  specifications  for 
dRDF.  The  research  suggested  in  terms  of  dRDF  production  appears 
to  be  add-ons  to  existing  systems  and  not  particularly  directed  toward 
fundamental  problems  affecting  the  quality  of  dRDF.  The  properties 
suggested  (i.e.,  65  to  70  pounds  per  cubic  foot)  must  be  assumed  to 
address  density  of  an  individual  pellet  and  not  bulk  densities  of  pellets 
as  delivered.  Bulk  densities  of  pellets  as  delivered  would  probably 
never  exceed  35  pounds  per  cubic  foot  and  this  would  only  be  achieved 
at  a  bulk  density  on  an  individual  pellet  basis  at  7  0  pounds  per  cubic 
foot.  Voids  are  created  in  a  pile  of  pellets  of  uniform  size.  Screened, 
washed  coal  produces  densities  of  only  about  50  pounds  per  cubic  foot  as 
delivered  and  this  includes  a  broad  spectrum  of  particle  sizes.  Given 
the  results  achieved  to  date  by  existing  producers  of  dRDF,  the  specifi¬ 
cations  described  in  the  document  seem  extraordinarily  optimistic. 


FUNDAMENTAL,  CONSIDERATIONS  FOR  PREPARING  DENSIFIED 
REFUSE -DERIVED  FUEL 


Performing  Organization:  University  of  California,  Department  of 

Mechanical  Engineering,  Berkeley, 

C  a  i.  i  t  o  r  n  i  a  9  4 1  0  7 

Sponsor:  Municipal  Environmental  Rc.-im  rch  Laboratory,  Office  of 

Research  and  Development,  U.S.  Environmental 

roll  -  :  -n  •.  ■/  ■ '  .  P ,  •  '  '  M  " 

orant  No.  r  - 

S  u  m  m  a  r  v 

A  series  of  pilot  and  hem:  h  n'ik  test*  were  carried  out  to  exam¬ 
ine  tne  effects  of  various  parameters  on  trie  ae  ns  if;  cation  of  refuse - 
derived  fuel.  Experiment  s  c-u  i  ■-wiiic  die,  as  u-  '!  a«  -  \  per  intents 
which  incorporated  a  commercial  pel let  mill,  were  described.  Back¬ 
ground  information  concerning  data  developed  by  the  agricultural  indus¬ 
try  pertaining  to  animal  feed  peixc  i  ization  was  a.so  lm.  ■  r  pora  ti  a  m  the 
report.  Relationships  were  deve:  peel  which  describe  the  specific 
energy  of  densificatior  and  mass  flow  through  a  mill.  Data  were  also 
developed  that  related  the  effe-  t  of  feed  moisture  content  on  pellet 
density  and  feed  particle  size  on  peiiet  production  rates. 

Results.  Several  interesting  conclusions  were  offered. 

One  "-  as  ’  enormous  increa  -e  m  energy  required  for  pelletization  if  the 
■  h  kress  r  f  t!ie  l-'-in  of  feedstock  around,  the  surface  of  the  die  was  less 
than  one  naif  the  size  of  the  opening  through  which  the  material  was  to  be 
lorced.  Another  was  the  dramatic,  increase  in  power  required  if  feed 
size  is  larger  than  the  opening  through  which  the  material  must  be  forced. 
Perhaps  the  most  interesting  conclusion  offered  was  the  effect  of  inlet 
taper  on  the  die  with  the  die  having  the  greatest  taper  requiring  the  least 
amount  of  energy.  This  suggests  that  far  more  work  is  consumed  by 
-  umnression  and  compaction  of  material  than  this  study  would  appear  to 
mggest  in  specific  single  die  experiments. 

C  r  i  i  ic  a  1  G  o  m  n  e  nt  s 

The  study  offered  much  valuable  data  concerning  the  energy  and 
work  required  for  forming  pellets  from  rej.use  -derived  feedstocks. 
Additional  cost  correlations  between  tin:  cinirni  eristics  .><  material 
routinely  pelletized,  i.e.,  feed  materials  for  the  agricultural  industry, 
and  the  characteristics  of  refuse  would  have  been  extremely  beneficial. 
Additional  experiments  concerning  the  total  work  required  for  compacting 
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material,  i.e.,  precompacted  refuse,  should  have  been  included  in  the 
experimental  program  so  that  only  work  required  for  deformation  and 
extrusion  could  have  been  measured.  Upon  viewing  the  structure  and 
mechanics  of  pellet  mills,  one  concludes  that  these  devices  are  designed 
primarily  to  extrude  finely  divided  materials.  They  are  not  designed 
to  be  efficient  precompaction  devices  in  order  to  raise  the  bulk  density 
of  material  by  an  order  of  magnitude  prior  to  extrusion.  Such  an 
experiment  would  be  extremely  useful  in  determining  the  role  of  pellet 
mills  in  the  preparation  of  densified  refuse -derived  fuel. 
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USE  OF  WASTE  OILS  TO  IMPROVE  DEMSIFIED  REFUSE -DERIVED 
FUELS 


Performing  Organization:  National  Center  for  Resource  Recovery 

Sponsor:  U.S.  Department  •.<{  Er.erry,  Assistant  Secretary  for 

Conservation  and  Solar  Energy,  Office  of  Buildings 
and  Community  Systems 

> iv  ra,  f  N  'C-  .  1  ■'  "  -  ■  • 


t>  •  .*  W  lit'  tr  .  I  ».  !.  i  »fc  •  i  t.J  i  .  :  1  1  •  .  '5-  . 

nr«>ce«  s  would  lower  or  duct  ion  <, 
pass  ace  of  the  refuse  mr.-ngn  die 
dRDF  hervjit  .  L  the  hyd'  •ohoKS' 

d  R  D  F  . 


tu.-nta:  ur.'jr  ;rn  u  a  i  test  the  hy- 
f  i  ■ .  .  ■;  ‘  i  it,'.  di\OF  production 
.•-=*3  :  "  .-t'.'iucinc  friction  during 
u  ■  increase  the  s  tor  ability  ot  the 

■  r>  i.-eriie.-  1  die  oil  mcluded  in  the 


!\v  ri.ti  v  .  !  V  >.  •.*  Jx.  -.1  •  ■  *  i  t'  *  1  •  1  i  i  n  ‘  t  '  .  CtiCl'  -  TPSS 

to  certain  maximum  amounts  .  iSnse  amounts  were  determined  by  the 
prediction  t.%;  icub  <  .-it  ■;>>  .■  r .  n.  u  jnstiun  of  the  pellet  would  be 

t  he  1  'mi',  inj  factor  .  ITu.:*,  a  ma  x  i,  our  >f  Life  oil  by  weight  was 

defined  as  an  upper  .inut .  1  at  m,  w.i*  ulended  m  tne  rexuse  prior  to 

the  pelletization  operation  and  pelletization  tests  were  run  at  several 
levels.  In  geneial,  the  higher  the  level  of  oil,  the  less  dense  and  less 
•.  t .  >  f:  i>  ■  me  --hr!  .  in  :«•  rvm-  . .  .  ,,r.c  belter  storage  because  of 

*.h.  "•were'1,  density  anu  cohesivenesa,  water  adsorption  was  in- 

'  ,  a ,  *i  i *  lecrr  a  md,  by  t  be  audit  ion  of  oil.  This  result  was 

explained  Ly  tin  no.-er  ■  i'o.n  L.a:  tin  h.v.u.  r  density  pullets  easily  broke 
apart  and  this  exposed  greater  suffice  area  to  potential  moisture 
s our  ce  s . 


Critical  Comments 

The  addition  of  oil  during  me  production  process  is  one  approach 
to  the  production  ol  more  waterproof  dRD’r  pellets;  however,  oil  is  a 
•,ot  p' '1  yr.  e  r  • --vi  man  rial .  Us<  ,,f  waste  oil  in  the  pelletizing  process 
does  little  to  create  the  polymerization  of  the  molecules  and  increase 
the  cohesiveness  of  the  pellet.  The  research  carried  out  should  have 
c  i  lowed  by  some  iype  of  polymer  ization  treatment  on  the  pellets. 

-nt  sui  n  pi  •.  «.  s  j.  d>  L-u.  i,,i  v *  >  "  he  ir  radia>  urn  m  pellets  with  electron 

beams  to  cross  iink  the  uil  molecules  with  other  parts  of  the  pellet. 

The  inclusion  oi  ml  in  me  production  process  should  have  been 


identified  as  likely  to  lead  to  negative  results.  Oil  is  basically  a 
lubricant;  hence,  one  would  suspect  that  it  would  reduce  the  cohesive  - 
ness  of  the  pellets,  not  increase  it,  as  experimental  results  confirmed. 
No  tests  were  run  using  oil  as  a  surface  coating;  that  is,  oil  could  be 
sprayed  on  the  pellets  after  the  pellets  were  formed  and  cooled  or  dur¬ 
ing  the  cooling  process,  creating  a  hydrophobic  barrier  at  the  surface 
of  the  pellet  without  perceptibly  increasing  the  oil  content  of  the  refuse. 
Additional  coating  materials,  such  as  paraffin,  denser  grades  of  fuel 
oil,  etc.  should  be  examined  on  an  experimental  basis  in  order  to 
determine  whether  a  surface  coating  could  have  improved  pellet 
resistance  to  moisture  absorption  as  well  as  increased  pellet  stability. 


STUDY  ON  THE  STATE  OF  THE  ART  OF  DIOXIN  FROM 

C  o  M  B U S T I O N  S C;  \!  R.O  £ S 

Performing  Organization:  Arthur  D.  Little,  Ine  . 

Sponsor:  Re  sea  reh  Com  mi***-  ••  >>r>  Industrial  and  Municipal  Wastes, 

American  Sor-niy  of  Mechanical  Engineers 

Summary 

I'he  D’;rp<'Si*  ...d  this*  w.'r'"  ‘  s  t<  examine  the  overall  nmblem  of 
cnoxins  I’fca1  •  > i  r> /  ..he  1  ,  ■  ;  ...'  a,  •  i i  was'  e»  .  She  study 

examined  the  basic  chemistry  of  dioxin,  including  procedures  for  detect 
np  dioxins  n  line  past  :•  and  ash,  and  assessed  ’.lie  hazard  that  might  be 
reared  by  tne  release  ci  these  oi  dioxins. 

Results.  Conclusions  were  offered  that  indicated  that  the 
:  eve  l  of  risk  fro-”  the  rnjeasc-  of  rioxin;  ‘liro'.ip’h  combustion  sources 
was  extraordinarily  low,  mucn  lower  than  many  normal  risks  encounter 
ed  bv  the  general  population  in  rnanv  unrelated  activities.  This  risk 
was  justified  in  view  ot  me  need  u.  satis  far  tor  liy  dispose  of  the  waste 
generated  by  the  population. 

Critical  Comments 

In  view  of  the  minescuie  dioxin  levels  which  have  been  measured 
and  the  total  lack  of  data  indicating  any  negative  effects  on  the  general 
pop  la-  -.on,  the  uncertainty  seems  to  have  been  satisfied.  One  would 
.-i-o  mat,  since  waste  lias  been  incinerated  for  many  years  and  no 
••  nice : . d ui.ogi.cal  effect  on  any  population  in  many  different  areas  of  the 
world  has  ever  been  documented,  the  practice  is  safe. 


NUMERICAL  SIMULATION  OF  COMBUSTION  AND  GASIFICATION 
OF  WET  CARBON  AND  WET  SLUDGE  UNDER  EQUILIBRIUM  AND 
ADIABATIC  CONDITIONS 


Performing  Organization:  Systems  and  Economic  Analysis  Section, 

Ultimate  Disposal  Section,  Treatment 
Processes  Development  Branch 

Sponsor:  U.S.  Environmental  Protection  Agency,  Municipal  and 

Environmental  Research  Laboratory,  Ultimate  Disposal 
Section,  Treatment  Processes  Branch  (Unpublished  Report) 

Summary 

The  purpose  of  this  work  is  to  develop  numerical  simulation 
techniques  to  estimate  the  impact  of  water  on  the  combustion  of  carbon 
as  this  might  apply  to  sewage  sludge  being  burned  in  a  multiple  hearth 
incinerator  under  reducing  conditions.  The  approach  is  relatively 
straightforward  and  duplicates,  to  a  large  degree,  work  on  other  types 
of  fuels  burned  under  the  same  conditions. 

Critical  Comments 

This  work  is  of  significance  when  considering  the  cofiring  of  coal 
and  dRDF  because  it  impacts  on  the  effect  of  the  moisture  content  of  the 
dRDF  and  the  fuel  bed.  Two  salient  facts  are  brought  forth  in  the  work. 

First,  approximately  80%  of  the  heat  content  of  the  sludge  or 
carbon  source  is  retained  in  the  product  gases  produced  by  burning 
solid  fuel  in  a  starved  air  condition.  As  a  result,  the  temperature  of 
the  burning  bed  is  substantially  lower  when  relatively  wet  sludge  is 
burned  than  if  the  sludge  were  pre -dried.  This  is  of  significant 
importance  in  the  cofiring  of  dRDF  and  coal  because  it  indicates  that 
fuel  bed  temperature  and  clinkering  (which  is  a  result  of  excessive  bed 
temperatures)  or  low  ash  softening  points  (due  to  the  constituents  of  the 
fuel  bed)  may  be  controlled  by  the  presence  of  moisture  as  opposed  to 
the  use  of  excessive  underfire  air.  Excessive  underfire,  in  turn, 
creates  additional  burden  on  the  electrostatic  precipitators  or  pollution 
control  equipment  and  increases  the  potential  for  slagging  and 
deposition  on  the  boiler  tubes. 

Second,  for  completely  dry,  volatile  solids  or  carbon,  1.17 
moles  of  molecular  oxygen  are  required  for  combustion.  In  the 
presence  of  moisture,  however,  no  more  than  .415  moles  of  oxygen 
per  mole  of  carbon,  or  about  35%  of  the  stoichiometric  requirement,  is 
required.  The  explanation  is  that  the  moisture  tends  to  convert  the 
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fixed  carbon  into  carbon  monoxide  under  reduced  air  conditions;  the 
combustible  gases  may  then  be  burned  above  the  bed  in  the  presence 
of  overfire  air.  Reduced  underfire  air  to  reduce  emissions  appears 
feasible  due  to  the  presence  of  moisture  in  the  bed  which  could  be 
contributed  by  a  relatively  wet  dRDF  pellet.  The  minimum  underfire 
oxygen  required  on  a  mole  basis  occurs  at  a  moisture  to  fixed  carbon 
ratio  of  .  45  to  1.  This  allows  tor  minimum  underfire  air  while 
obtaining  complete  combustion  in  the  iuel  bed  and,  at  the  same  time, 
creating  a  hot  gaseous  mixture.  The  hot  gaseous  mixture  burns 
rapidiy  witn  substantial  radian.;  hear  above,  the  fuel  bed  and  with 
greatly  reduced  particulate  fuel  loss.  Experimental  investigation  of 
tins  hyuoun: extremely  u<- uu  o.  -  , 


